12 United States Patent

USO011339122B2

(10) Patent No.:  US 11,339,122 B2
45) Date of Patent: May 24, 2022

(54)

(71)

(72)

(73)

(%)

(21)
(22)

(65)

(62)

(60)

(51)

(52)

(58)

(56)

Xie et al.
HTRPV1 CHEMICAL AGENTS
Applicant: UNIVERSITY OF
PITTSBURGH—OF THE
COMMONWEALTH SYSTEM OF
HIGHER EDUCATION, Pittsburgh,
PA (US)
Inventors: Xiang-Qun Xie, Sewickley, PA (US);
Zhiwei Feng, Pittsburgh, PA (US)
Assignee: University of Pittsburgh—Of the
Commonwealth System of Higher
Education, Pittsburgh, PA (US)
Notice: Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35
U.S.C. 154(b) by 44 days.
Appl. No.: 17/103,941
Filed: Nov. 24, 2020
Prior Publication Data
US 2021/0171454 Al Jun. 10, 2021
Related U.S. Application Data
Division of application No. 15/546,833, filed as
application No. PCT/US2016/016826 on Feb. 3,
2016, now Pat. No. 10,899,702.
Provisional application No. 62/113,429, filed on Feb.
7, 2015.
Int. CL
CO7C 275/30 (2006.01)
CO7C 275/34 (2006.01)
CO7C 275/40 (2006.01)
CO7C 275/42 (2006.01)
CO7D 295/135 (2006.01)
CO7C 275/32 (2006.01)
U.S. CL
CPC .......... CO07C 275/30 (2013.01); CO7C 275/32
(2013.01); CO7C 275/34 (2013.01); CO7C
275/40 (2013.01); CO7C 275/42 (2013.01);
COo7D 295/135 (2013.01)
Field of Classification Search
CPC e, CO7C 275/30
See application file for complete search history.
References Cited
U.S. PATENT DOCUMENTS
6,262,113 Bl 7/2001 Widdowson
7,517,880 B2 4/2009 Miller
7,521,480 B2 4/2009 Valgeirsson
10,899,702 B2* 1/2021 Xie .cooiiiinnininnnns, A61P 19/00

2010/0261911 A1 10/2010 Kenp et al.

FOREIGN PATENT DOCUMENTS

WO WO 03/093250 A2 11/2003
WO WO 2005/021721 A2 3/2005
WO WO 2010/146236 A1  12/2010

OTHER PUBLICATTIONS

International Search Report and Written Opinion issued 1n related
International Patent Application No. PCT/US2016/016826, dated

May 10, 2016.
Trevisani et al., “TRPV1 antagonists as analogesic agents,” The
Open Pain Journal, vol. 6, pp. 108-118 (2013).

Notari, R.E., “Theory and Practice of Prodrug Kinetics,” Methods
in Enzymology, vol. 112, pp. 309-323 (1985).

Bodor, N., “Novel Approaches in Prodrug Design,” Drugs of the
Future, vol. 6, pp. 165-182 (1981).

Cao, et al., “TRPV1 Structures in Distinct Conformations Reveal
Activation mechanisms,” Narture, vol. 504, pp. 113-118 (2013).
Liao et al., “Structure of the TRPV1 10on channel determined by
electron cryo-microscopy,” Nature, vol. 504, pp. 107-111 (2013).
International Preliminary Report on Patentability 1ssued 1n related
International Patent Application No. PCT/US2016/016826, dated
Aug. 17, 2017.

Benson et al (2000): STN International, HCAPLUS database (Colum-
bus, Ohio), Accession No. 2000: 900438.

Beaver etal (1957): STN International, HCAPLUS database (Colum-
bus, OH10), Accession No. 1957: 62160,

Cance et al (2008): STN International, HCAPLUS database (Colum-
bus, OH10), Accession No. 2008: 1157604.

Anderson et al (2006): STN International, HCAPLUS database
(Columbus, Ohio), Accession No. 2006: 826284,

Widdowson et al (2001): STN International, HCAPLUS database
(Columbus, OH10), Accession No. 2001: 521916.

Goldfarb et al (2009). STN International, HCAPLUS database
(Columbus, Ohio), Accession No. 2009: 846105.

Gilovannini et al (2012): STN International, HCAPLUS database
(Columbus, Ohio), Accession No. 2012: 887319.

Qiuu et al (2011): STN International, HCAPLUS database (Colum-
bus, Ohio), Accession No. 2016: 2081676.

Valgeirsson et al (2004): STN International, HCAPLUS database
(Columbus, Ohio), Accession No. 2004: 453168.

Zhang et al (2010): STN International, HCAPLUS database (Colum-
bus, Ohio), Accession No. 2010: 1132914.

Sellergren et al (2012): STN International, HCAPLUS database
(Columbus, Ohio), Accession No. 2016: 2074115.

Kasahara et al (2010): STN International, HCAPLUS database
(Columbus, OH10), Accession No. 2016: 2068552.

* cited by examiner

Primary Examiner — Golam M Shameem
(74) Attorney, Agent, or Firm — Foley & Lardner LLP

(57) ABSTRACT

Novel diphenylurea and benzylbenzenesulfonamide com-
pounds are disclosed along with methods of imnhibiting the
activity of TRPV1 and methods of treating pain associated
with transient receptor potential vanilloid type 1 (TRPV1)
using such compounds.

19 Claims, 20 Drawing Sheets

Specification includes a Sequence Listing.



U.S. Patent Sheet 1 of 20

May 24, 2022

FIGURE 1

....................................
---------------------------------------------------------------------------------------------------------------------------------------------
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

S *saf.*

et E."d'l".:'

k“-i.l

1243
1E9

; -;’““hﬁ' Eﬁﬁu& k@iSSLili o ”IE’LE?EE-"’T: *&E &TH i&ﬁﬁ'ﬁi’&ﬁﬂ'&hﬁ Lﬁ 2

A E ifﬁmrﬁ‘fﬁ“»?ﬁﬁ? E-xf ﬂiﬂl’ 3 ﬁiﬂ?ﬂ‘fﬁ?ﬁﬂﬂ E?H | :%’uﬁlﬁfmﬁm E?E?M% RS
WY EheaE AERE R SR e s e R R

US 11,339,122 B2

L N
PLIL .
i

i:ﬁ':}g E:-Fm

R

e r:‘-} ! 2
PR BrEd
L A i &
LA Nl Aol O,
‘.—:’r:.-;} !'-;‘-' "'l::_"l I-F :. 'i

EE Ei

"‘l # -I‘
{ |‘l.-l4 t .’: ;
i :.:.__E g 'wh .- {

L)

TREYE HUBAR
TEEVE Bed

TRFVT HUMAN
TEFY HQ‘E‘AT

TREVI HUBAY
TERVL RS

----------

TEE' 1? ‘%ﬁ

TRPYE MUBAN
TRFYE RAT

TEFYE HUBa¥
TRV _ Bk

TEFVL _BIDARN

TREWE HAY

TRV HIUBAR
TPV BAT

TREVE HIMaE
TREVL BT

TREVE HEaE
TREEVE s

F "1# TE_., WEUEAR

-----------

"“E;E’ 1.*"5 ?ﬂ.ﬁ?

TREVE HIMAN

""‘M"‘fﬁ L



U.S. Patent

§ § - D)
.|_‘- " = m = m m = o m E moEoE N =N E = § § mT T T oRoE N oE oSN EEEEEEEEEEEEEE XA EEEE RN = o= o + b * 3 3 - T J
FoY. ,...'.'.‘n.-'h.-n.-n.-hi'-' ' - .“: L] a . . ) . a,
. -'-."-.‘- L] & ' - - a - - -
[l . . . » » . .
P Ty " N ' - 1 . . . . : . .
- L.
. 1 " ' -, l' b * " » - : N
] | & 1 - | L] Fl N N -.- " -.-.
] ] & ' - 1, 1 a . . g 1 -
] ] & ' - - ] N a . . a3 B .
b L] & ' ‘}. -, 1" - a . . i - :
¥ 1 - ' - - 1 LRI R T R e I T T P P L T T T B T T T L T TR T T T T T T T T T T L B | |", T T I I I R TR R R O PR T Y
] L] & ' l."'. - L] L] a . L] .
-k . - § § - -
] L] » ' [ - L] N M ; N .
L] [] - -
T e N . . . . . N
] ] I ' r B - . ] N a . B a '
o) § § - - +'r
b L] & ' "q."‘ - L - a . . g - - -'-i-
h "
: : : I . : ) : . . ., . an ;‘_.
' - - ] a . . B
k Ll * ' " - " - N . . N N - L
& L] L] - .
' - N a : B -
k . 1 N Fq'ﬁ - . - 3 3 - "
b LN L] ' . - L] Lt . . . . ; . :
P * L -I-"'"."!"lr-_. ' - L . . . ' " . -
] 2 ['] ] .;. & i'h-__. ' - ] I & *Ek kb r bk rl kPl kb kbbb r kbbbl bebrbkrbrbebrrbrbkbrbrbbrbrbrbkrbrberrrrbk
p . [ . " . . - ‘N .. . . . 7 . B
b " '\ L] ] & -::- ' - L] [,:,. - a . . N - a
LI 1Y - .
r__'_.i,h'-‘l'-______l______i______-il._l_"'__il___i-______-____________"'________________________l_ Tt - . . . g . -
" L] h LI LA 1 - L] ma . . . g . -
] n n 4 & - ' - n I3 B N k . .
1 r [ ] . L} -ﬁ [ [ - .
] ] I & ’, ' - ] . 1 a . . g 1 *
k " P, : ™. " LA - : . . . : :
’ ! "l-:l-' :ll ) M ! -‘l+ b * . . - * h
b ] . ' - ] '.‘ . a . . A 1 e
] L] I'l & ' - L] L] a . L] .
3 ] " X ."" . - ] dh . a . . N . B -
0 - - 1
’ [ ", u ' - [ . - 1 : : 8 . ’ L
¥ [ A ' - [ M a . . N . .
¥ N & ' - N - . . . . N a 2"
- .
I‘q.qqqqqqq*qq-I-qqduqq.qq.qq.qq-l-qqqqqqqqqq*qlqqduqqq*qq.qqiqqqqqqqqqq*q*qqqqqqq*qqquil-:' 1 a . . " 1 -
k L] - ' - . ] N a h N I
§ § - -
] | & 1 -r. .I. L] Fl N N -.- " ..-'
b ] & ' - ] . a . 1 .
& ' - »a M e 'rtay a . . N . .
b ‘ill-.-.'- 1 L 1"'1. 3 3 - - e
¥ oy [ & ' e N T m A | “H—- h a
b .l'.‘i " *u . . “u. " TR, .'\_ ' ' "ww' )
' - . . . h N
a - 2l . . o *a . e by, - o+
b - L] & ' - L] '  Ea i ~a : . P B
L - + ’ L] - a - -
k o R . & ' u n &R [ ) L 4 4 \._ e oA - 1 -._ i
1,0 ' - F F g N \ ) N S . B I T L I e A .-_.-..- EEE
) , aT v, - > e . w e - - » -
¥ |‘ll L L] . & 1 » -k L] L 1 a i ] -' . " r .
' * - , L] - a . . L] L L L] r | i':l 4 -
it " LI | . - ' . . LS i, ] oo 1. . . o i . * o . . ¥ -
TR VT NIRRT BT AT R T R T TN TR ST T T P RTINS R T TSI RIL ._-‘_._._._._._._._._*_._._._._._._._._._._.:II_- - . " I LI . A *
] R . ‘J ¥ N ' . | h., x . 'n- X, . X . . T » . . . - . - . i s
n . .
|} a I | LT & . R ‘1- -2 * l'.. N 1 o ;j -'. »F . . [ N 1 .l L3 '
| ] - 1] |,l. xr :q-:i - ¥ ] & ] - |} - .
i L] L] - oy E N "r L] 4 y ot . . ¥ . o - g . -
» L [ » o, & ' . LA "1' ¥ - . . Pl - r h a =
. - - * . I § r ] - - L
» X . " ‘. - . L] N LA "" { . . . = l". . )
|; ] ‘|.* - ' .., - .' [ ‘_...‘."'1 -."-... 't: . "‘.‘ . e .i - B
.‘. | . » Il' - .:ll- [ . ', - e e o 4_..I4.J.'- " k .
- . -
b‘l L] 1'" ‘l. & Ly .1."' L ] i.l.h..,."l.* LT T T N FE N N N N T ] -._-._-._lh_l.:. _-._-._lh_-._-._-..-..-.:'l.'"_..:_lh_-._-. L L N
L] .:__ L] 1‘ - l‘_i_-ﬁ.. -. L] -‘ [] a N -‘..‘h.\"# ._" g - ;
oA L] L a L Pl ) . L] . F ; " -
r - R n 1'.. =, . ] . ] ] - -
[ | ‘-.l- | L t‘l‘* -_. 1 w‘- - ‘. [ ] L] a4 N . -.- L] -.-
.t----------‘-----------‘q-*-.‘.----..---q----l------q-----------q--------'--jd 1 a . . h -. a
p‘: ] & ., ' - r ] ] a N . B
¥ LY § § - -
r L] & [ ' - [ T - a - - "
|-' ] ' & " ' - s |. L] a . . M " ..--
ol n W o e B - . . . . . . E i .
» L . ] § § - -
by L] ., ' - LK Ll " * . . - : <
".- ] R | ' - A 1, . a . . i 1 - .
Ny U Y s . - L [ - . . . : - - =
¥ ..q-'l- l"'l-'i....I ..'l. 'p ' - L] L] --|r|.-|r|rbi-lr-i-brblrlri-b-.-bi-lr-.-b-.-|r-.-lr-.-blh-|r|r|r-.-b-.-|r-.-lr-.-b-.-|r-.-lr-.-blh-l\--.-|--.-b»hby»y»lbt»k»tbbbi-»lrbb-l-"'!-
L -* L B . - - [ r = - 3 L] [ ] [] ] r 3 ] 1 ' f] - - - .“\'j
pa » ] Ll ] & 1 ' - |‘. ] . 1 L § - N - + - - L] y ] . .
+ r ¥ ' - L] - o
] ™ "-II.‘ b L] & ] 1 -, [ Y ,-\, |.ll L . - B "‘ b
Por ' L] * ...-' ' - “ ., - ’
§ = 3y = g = g = g = g = QJuoguguqgugsg8#8 §# = 2y "oy omoynopnoygn R R LR TR T R R R R RN RS B BERE RCRE B ﬂ:- == '*11 - . . .
] ] ] ¥ ] ] ] " ] § ] . ¥ 1 S r ' - - + . . - - - ] 1 ] . " - § * . ] =T [‘:p r.li.-' :._; hoa
k - ' - L] et - " ;:r‘
§ L] » '-"r-‘ "ll"ll :
-‘m [ . -
ra n - [y = ;
.ﬁﬂ' e I._-.‘ .
LIS F= | i
-.'-.1 R o
n - a
4
L]
‘I..
Tq- _I
.44-44].,-,.-..#444-4]44444-444-4444‘4444-4444-444-1-4-4444444-44444444444-4-444-1-444444444444441_"."1
b ' P " v : k -_.-'.
. N " L] L} ] pEL
. - : ¥ r § ¥ .‘_“
. ) - N T 3 ¥ - -.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-..-.-.-.-.-.-.-.-.-.-.-.-..-.-.-.-.-.-.-.-.-.-.--.-.-.-.-.-.-.-.-.-.-.--.-.-.-.-.-.-.-.-.-.-.-.-.-.---']‘r
a - .
[ ] -J .J ' T : r b * [ ] [ ] ..- T ';. L J ol
[ ] 4 Fl " T ¥ " ! [ ] [ ] - " -
" ' a " v : k b * § § - * ';
[ ] 4 Fl ' T N r b * [ ] [ ] - T -
. i A " M . k T ! . . A b :
" 1 a " v ¢ b * § § - * .
- . § T § b . a . 1 .
. .l IR TR TR T Tl T T Tl TR | -'Ll'-'l'l'l'- RTEETEEECETEEECECECECECEECE‘gTs’sCssss's‘zCz’s’g’s‘s‘s‘s‘s‘»s's‘s’s LI T Tl T TR T TR TR TR TR TR B Tl B T . a . . N n -p.
‘1.-"- . 1 a ¥ r r . . - .
:‘-h . " ’ N T 3 p. - a . . i - :
- l-' [ ] 4 .J ' T . r b * [ ] [ ] ..- T -F
Y . . N r § ¥ ] a . . B
] b 1 a ¥ ¥ - -
- h ., - . ¥ I # % L L oL oL oL oL oL oL R LR E L oL oL L LR EEE LTLELLEoLoLoELoLoEoLTLLLLELLoEEL L L oL L L LR L LR L LR LELLLELLELL LR
¥ " 1 a R § § - .
- - . § T § b . a . 1 .
» 3 f] a P - 4 3 3 - - m
L] . N or § ¥ f ] a . . 1
b 1 a -y - § § - -
ke T " . " Ll . b LR . . . . P ) -
L I - [ ] T - 3 r L a - L] il
..- 3 f] a r 3 3 - -
hla b i | ' ] T . '- T ! § § - N J
. W . ] .I'-:'-h"-h"'-'n_.,.‘* " . . . r - . . . i . et
L - .". h a Ny .“- r u . » M a . . h N B
I_-_-_-_-_-_-_-_-_-_-_-_i_-_-_-_-_-_-_-_-_I‘-_-_.i_-_-_-_-_-_f.‘l_-_-_-_-.-_-_-_-_-_-_-_-_-_ .L.I,:I'.'.'.'.'.'.'.'.'.'.'.l.'.'.'.'.'"".'.'.'".l. . R - . "
" LI L] 4 1 4 [ .- L] ] 3 - -
et . ") £ 'a r " T . k '{ b * . . . * b
" L - LN L] T L} [ - L a J - »
l‘.- ‘- [ ] 4 L} Fl .; T N - '1- .- F e rrbrrbrbrrbrbrrbrbrrfbrbrrbrbrrbr f Frbrrbrfbrrbrfbrrffrrbrffbrffbrrirlfr ffbrffbrffbrffbrffrffrffrf b
-I " 1 A r " v . k -.-'- b * § § - * N
IIl‘.|. . 1 -.' ' T L Fry b * . . - T S
" L] . L L] T L] b - " a . N .
a s b 1 a § § - -
. ¥ . X " . ¥ . N M ; " .
- ] 1 a ] A ] ] - .
. L . ] T L] ] L] a . 1 .
.'. [ ] 4 Fl N [ ] [ ] - -
"ar . 1 a ' T .1 -I‘.. T ! . . N S .
. '}. . N r ] ] I L] a ) -
‘I ] J Fl -|-l- b b .
- - . ‘ T 1 . [ - o " o
L i14i4‘-4‘-4i4‘-i‘-4‘4‘-4‘-4‘-4‘-.!-.-4-‘-4‘-1-‘-4-‘-4‘~4‘4-.-4‘-4-.-4-.-4-‘*4-.-4-‘-4‘-4‘-4‘-4‘.4‘-4‘-4‘-4‘-4‘-4‘-.4‘-4"'| .,,'I. . . L] L] N '._"
. b 1 a 1 u § § -
" ' a " v . . P b * § § * x.
. . ) .‘ § T [ [ l.- L] a . . 1 -
. . Y ’ X r . b [l N e e e e et e e e e e e e e _'l____________-'___:"".‘l'
’ " 1 a " v : k b * § § * N
N N ", L] T : L bl . . . L] e
. . -l.'l'.l"IIII , L] -,.I'II‘I ] " a . . N B
. i-'.' . ] . L] qll'."‘ -.I L] ] L] a ) a
] ' 1 a 1 - ] ] L
- PN : . . ey T . ' . . : : . .
. a “'II- *1-‘ ) W . ¥ ..' o  r ".. x b . a . . . .
\ ."..‘ . s p :,"-' -" . "» . v i = S . . ) Y
A . .
.i'«i._#'-i\i\i\i-lii\ LI R LR A N thl*iﬁi ih.‘ﬁaﬁihi'«iﬁi\lﬁiﬁi\i\i\iﬁe L] -‘._'l..,"*'.."q'“ .'_i . . L] -
. .|-‘|‘ 1 hr.‘-. # ll- ‘,' ' .a "q. " . i, " L I'..". “ . . b h
- w . L o h " v "3 - = g . iy ., ' ala ) a -
" 1 L Ca ) " » -, ] . e ) . o § ' ' .
o b e sSoor RS : <o S i, : ol : -
: . : N ll‘_ ". -‘.“ ..' .‘-: :- _.._‘. : l. :I :'.Ija.aa‘?.aa.a::aa .'....-...-..- . T'Ti:-:‘.‘:_ :..p. :a.aa.aa.a‘:‘ :
. . 1 " :l. n - ¥ ] o . i l- N g, h "l *
. "n 1 - j ¥ o000 . .; & b - "y <y L N LN . »
. * . L IR r ] L] ] . ] ] E ] a [l x " . . r ¥ -
[ ] l- 4 ¥ .J I- '- ] E . q _. N .I " . . ‘..' *‘ [ ] 1‘ rl [ ] . 1- [ ] -J
: .o : . : - i N . ., " " oo, - A
A B A ) T, ¥ " n ¥ - ] y T T s s x st A . . L LA
. . » 1] . ] N r - § » - L] R (et T A n . A
. n.;- 1 -‘ 4 a . 1.‘ é . . ' . * oo . - n 1‘ l*-| S . |
» 1 - a r " T -l' C e . l‘h‘.".".‘.".‘.".‘.‘ Wy .
- gt e A s a s s ma .-.'rl-. TR R ERC: RN RN I N ] .'q-_. q.-q - - q‘-a EFC ] .._. EFCECIE IS BERENE R I = - - ._.'.._- L -.*‘. [ ] - Y - _.‘- . . L] _.‘:
. N I|Il , ll‘ L] = e F [ L} _Il .ll 'l'i#q.-.-....itnlﬂ"" . 4 N ,'i- ..l' " L] ]
- - . LI T | N L o . ] & - . il . L] +
" ‘. 1 I-‘ a ---1-.‘1--- . m . - j. . . § § - . -
» h h h
- :- :' - ) ‘.;.1 . ] 1-.‘..‘ . L] . . A : : - . g
: ."-.";, "..J I‘..-_-‘ 1 '..""I". —a v '.ﬁw-.-.i,-rtri,-_' . . ‘.“ . : : - . - . .
u 4 - -
b ‘i .' 1 ','n' ' # ' T . ‘-".-. T ! § § - N Jm
L P : ) . . ‘a . . : : :
RN i : \ . ' . . . . : . p
- 3 T 1‘il- a T . 3 3 - W
b -i'- .I.. 1 a ' T . o 'L T ! § § - N -
. " 'l-".E. -." 1 a " v k b b * § § - * S
T R T T T T T T | _-‘.:. . . . . g . .
. . . r . - . r * . N N . + - 1 " . 1] * 1 § " . § 1 ¥ ¥ . ] a . . B
b 3 " § § - -
L] k LI Ll a N - - '-l."\'
. § ] F . a . . iy 1 . "'.'
F r bk r r ek rrrrFrFrr f rm ks e k& F iF e fr Fir e ir e k& Fir e e e e e e e e e e fdr bew ks ke r e rfkw e r e ek r e r s ik ke * -
[ ] b L q 3 a . [ a . . . - . . r - " - + " n [ ] ¥ 3 § . gl
T = r - - - L] r - - = - L] n . 3 r 1 - ' - .
- at » g .y . . . - ]
i tm F" o L -
L 1k - . -
L * ' L\,Tl-
Tyt - o r'=a Nl
. Yyt ‘ - s
L ] i-"'l- |:| [
g | I -
'-I-..-
. ¥
LI-_i
iy
F rFF R FFF F ke e r Bk kbbb r b erde bbb e br e b rdppiedr b bbb e f e m'de ke f B e e b e ke ke e e A
- - b L".*t_II | ] r -
1 ¥ . + e =k a : . : [ =
. . . . . . b ' o
L] L r + 4 ) L] » F -
" - [y - ...l - . ) *
] 1 » - + .-l 4 L L] E ] ]
» - ] . ' ' bl
[] ' r + - 4 1 [ | [
» . .‘-.- - . .
L] * L] + l.'-!l:'|I 4 1 - ]
- - ' 1
1 1 r + 1 LI i
T B . " - - ¥ "
[ ] L] » = + o ¥ 4 b [ ]
-m 5 - e I R I g L)
N I T I I A N O 1 " + -,' - A, . e L.
. - ' L] L L] - ] W L] - w + - > - 1 r 1"
N il ! b § Y Ty [ . - + o] wt . ‘1 T a
R R 1 a " T o [ . ql. an - - - '] \
- . L] T L] ] L] =4 L L] 4 T 1
3 f] a - - - & ' *
. N Y L] L L] b L] l__"-l-‘ + -" . - 1_1 " ]
. " - N T 3 3 ;------------4--J-*..--------4------4:1---------------q.---h----------;-4------------;.
, F) ' L] - L]
. P ) ' v : N, 1 v LR + 1_: :_' . '
. P » ) [ ) ) ] . 2 ) \ ¥ " ]
- - L] T L] ] L] r & +* a1 ] £ [
3 f] o a " . .- ' . 'J + - L .
. . h . - .
. ! L X . . X [ . - ot * " + . ' oY
. ] | T ER ) L N N ¥ -
- L L - L] T L} k L] LI I + * % 3 ' b [ ] -1. §
" 1 a . ' = | ] a a |
T T T T 1 A . * E e "., " ' ',".,
- Jr . L] T L] ] L] e L] L ] 4 L] L] L] ] T h_k
] 4 Lo - . 3 r ' - L] " rr
- % £ . . V- L NN v . g + .- - [
. 1 "y . -k A ] i ) - . »
. ) Y L] . T L] ] L] .||' L] g !__ T b \‘#"“ + ‘_-llli' * ] 1 ]
. . '-_- : ¥ - "'.l'., r N . u_..." Y *h‘_ .'-.-'l'_ v "I“ I...l + T‘l - .‘ " FF
. -J @ o "iﬂ.. . . ¥ oy v S - s * e i - '
. [ - f ..," - -._'.'i [ ‘.-* T 3 & oy ;-i' I ] e s . s s s = os mEoEoEomoEoEomon = '-I'. - "k " o= omoEomowm = -.. = r " = =2 % EoEoEEEEE |..| '
- - - -
u v 'y . B A X R s . " L4 PR ) . * 1 - . "
’ -"| L] n L] - a - + § L} " - Enl i | - - » ' - a r ¥
- l' '-‘",.i. - LN l"-llll e T I. L] L L] r L 4 - £ .'l--._-"
44w Bt . Ty " L - L] - L] ' N .
L i, T - LA . g W L] . T ‘ l'l_l" . ] L] - + 4 L] - ¥ [ ] ]
- ] - I F] N | L L] . i - ] ' LY} A '-'
L - L ; - ﬁ.'.- - - ) ' ) L - . ] - - = 1 - s ]
[ ] 3 ) P iy a i - ..'f- ., 1 - - L] ="a Ny " N g £l - L O -.. -
¢ - ' . - . T " . ¥ ] » O - 4 1 - [
L L) " 1 - r n 'y -y . ) F) :. ' ] ' C'] .:i
™ Y [ T Y S " n s onomog [ | IR Tal ‘i‘q. 4 - == omon " = s n B P = om o= omomoEoEoEoEoE o ] r n + > f] - 1 -' ¥
- ..-.'i f] r 4 - ol * b -‘-- L] " - ] - - .
P a . i . . '.1 T H.'l“ . ,‘-.. [] » -"’.-,.-‘ [ f] e '
P » 1 .. ¥ 4 ‘:' et " - [ ] [ ] l-"-‘ "ﬁ. - n 1
L L] o T .’ Lx u r - 1 - + L] . '
f] . a ¥ r [ ] | . - -
- a ir > " ] § T . [ S b ] u + f] 1 F
1 ‘. - |‘i ) -k ... . - '
f | L L] L] i‘.‘ ] --I ] 1 r +* . d " ]
.J q‘ g , -~ N L ‘l\.:,":‘;“ ] L] . + . IJ 1 "]
] . u ¥ L] L F 1 r * 1 L] ]
A - a.,- . - - - ot
1 ".J L] T .‘* ] I-'-'-'-'-'-'-'-'-'- -'-'-'p'-'-'-'-'- -'-'-'-'-'-'-‘-'- LI TR T TR TR T BN TR TR TR T L T B TR T TR T B L T ] -'-"'I'-'- [ T T T T PR -'-'-'-'-'-.-'-'- L L
- L] T L - - L} r + 4 Ll [ o ]
1 a B ] -
- . L] T L] ] L] L] + 4 1 ]
4 Fl - - 1 L]
' L] L L] LI L] r + 4 " ]
4 Fl - - Ll
- N N T [ ¥ - [ ] = + 4 b ]
O R A . : N . g ) .
4 Fl - - Ll
- ' L] L L] ] L] L] + ' -l-i " ]
: : L] T L} k- L] ’ + : -I-."-' 'J.*ii. b [
- : ¥ T . ¥ 1 * e 1 -~ . '
4 Bl " LI | -
' L] T L] r L] + . W '*I-‘ L "'i‘ .‘. " Fr
Al ' . k 1 + 1 ..-"" - TR . [
. L] L] F L] + L L 4 0 ] 1 ]
S e . b [ + N oY .
f] - ' X ' X r g
4 L] L] ] L] + ' 40 ]
- L J
¥ "l § ] [ 30 [ 1 T ¥
A . - . . . + " I|II_ R
1 * 1
s "y . "l.:l 1 + o '
.S . . . L 1 * o 1
: % :‘ ’ . . 1 * . Y '
|-F ) . 7“ ] 1 + a a1 =
* f] e T, - &
A , . 'Jl-:u ’ Y L R : o 1_: '
x : " ¥ : : : * " A :'
. N . i - " N - - -
e e S ' < “ : O : : Yoo ~ S g
- . h r r
by T ':-k':h' s e 3 T L b . - " < e + 1 : a-" T . - '
H.,.I.'J y 1'. a l‘I :‘-. . 1' . |1.* .rbrbrbrbrbrbri-r'brbrbrbrbrbl‘bbrb*brbrbrbr'-rbrbr‘.ﬁrbrbrbh‘brbrbrbr"#"brbrbrbrbrbrbrbr.b
| » b . . r a a .
[ ] L] - P | » a & [ ] Y - £l I - E Y
' . . . h . .
o ﬁ-':pr}* oo '-. T R N T e i e rE s " T T N b T * . ] . -t '1.":." . '.-1 '
. j'_.. . Lo ' L . 1k 1 . . + . . et LT ] p 1
l:_-;‘ X T " O " . N Y - . + 0 . 2 *.i-" g -.‘I‘ r, '
n - . S . »n . " L * . ' 1 L . [
;\' r:}‘-l ¥ 2o ] l""-“l . ] * ] 1 ) * R l-'-""' .r.ll. "1 Hb' : ' ]
" o, a . [ - —— T ' - . - ', ' & A
. L a E LI NN i r . ¥ ) ] x - + L 1 ] ] =" b -
L] *' ! l'- 3 L] T Mq » k L] Ta W + 1\.‘ . 1 b l-! [ ]
P ") ¥ ) ] r L .
ot " . o» s \ ) e e | ™ r 1 o + e "4 - . e
1 . - -4 a = - - = - - - » -
R i g P rr s’ ' " M ! oo - * aNT g b » '
. -..:.. h g, B ] Tty m ™ . -‘. . ¥ Y wn - - ..: " + - 1 - - r ¥
o L] a iy ' 4 -, » . --'|~ ..._'i- " - [] -
_"_I_l' " . "l'-_-"_' ] T L] L] -_a'rL - L] ‘l - Ili' - -\.1' 1..4. . IJ 1 LA ] | B |
s - 1 '." " 'a " T . ..'h . - 1 a2 . 7 '-."\..il"‘-'q‘ﬁ‘i.' ! b ¥ b " ‘...-
i . . T . o . -l e R e e T R A s
R E e N N N T N N O N T O T N O l-'al-'al-'af:r 1 N F) X . . ] ] . N ¥ ' 1 1 r ] ] * aa
. . . N r . L] L] r + . [ ] - L] - - L] [ ] [ ] [ ] [ ] E | - . ' = - . - + . + - . = + . 1 - N - - = . ] .-'
\ L] ] ‘e [ . ¥ el
N ) ; ] ] .
L] - ra
- " o
o L it i ":-.l- o Tas
o - =% L - L .'i‘
» - 1
ol " L axy 'r"l-
" - .
L ]

May 24, 2022

Sheet 2 of 20

US 11,339,122 B2




I ) R o N I A
H. H.IH!HHH!P - K . [ ]

US 11,339,122 B2

»
._._”.4“._...4.4...._._.4._...4._._.__. . . el . . b . r . ...-.n.-.-..._-.r.r.__.._n.._
I.-_l.._........................._..r.r.r.._in l.-.l.-..-. F N iy . . . . P
kb ke b ks .

)

R “

[ Ly

-~ 1._...-"” .......H_-.“_-H....._., v
L N
wr

...r............._..

. . .

r &k dp g . K &

L

kB
PN e
r
. -r::r::r:ar::.:-"-"
XN

- i b i .. ) . s e b I
P .r.i........r Pl e i . . . . .r.._......;..r s .r}..r...........r '
M b o dp b B Jr b o dr A & .. m A d dd e e b o ok &

s kA ke
.._._1......1......_......._...1.._»
r & F FF F F F

I I I O O R ]
P A A )

]
o & dr & & -
-
]

Sheet 3 of 20

- -
NN . e
ik i Ll Rl
Bk oa d dodrod .
ol
Bk bk ks kA Ak
LRI .r.r............-.lln
Pl al ke ki

. "R+
LA

L]
-

« & ko
. & b b &
" = & & & & & Ak a
LI T T R T |
"= = & & & & & & oacr

"
o
L e A

F o
.-......-..-......—. Fa

i &
e
il....l.h '
ik

¥
q#H#HJH#H...H&»» e ) Ta =Tar i e
AR R . . . AR
Eal a0l 3 . . . Ll e
..-..-..-_.-..-.1111. e . . - l.-..-.l..-..-..-..-..__?. '
Rk a om . i . o

May 24, 2022

St .-..-..-..__.._n
K i .
& &

. .r .r.r
. .._..._.._1”.._..1.._.......1......1”..1 . . L A . A
ln.r.rH....H.rH.r....__....__H.rH.r.......H.__ ) fai . uxbn.“..rH.rH.r.r.__.T.rH.rH.rH.rH.__. ) ..._........H....H....H.r....__”-..“ A
o Sl Sl S S e e Ral St ) [ Sl Sl Sl S e A S R Sy Lt e dr dr d A ke h
L o S S S S Spgr i} W dd e & ke
O e o
e e T e i S x d b ok .

o A S LI SE L. L

.._......”_..._.__. ot i ..._.r.._.r.r.._..r.”_......._..r.._..._.._n.._

4€-v¢ s8Inbiy

U.S. Patent



US 11,339,122 B2

Sheet 4 of 20

May 24, 2022

U.S. Patent

-I.llll-....ll..
& & dr A i ko *

. i.q......................r.r.r....r.r.._h.__....r.......-...___.
dpodr Jr Jr Jr b e O Jrodp X dr B &

dp dp Jr o dr 0 dp 0r o Jp o dp odp o dp
drdr g b M A O b ko ko N
L B N N N
™ b
L e

".TI
N -
&

-
b a a M

xx
Pl
el

“xlaly
‘T-Il-ll-i

L4
=

[

L
rh

dr Jdr dr dr ko b b oa b A ok
Jrohr s b b h N
.-_.................r b h b oa h ok .r.............-..-_

L I TE TN N
= .-..-..-..._......._.._...__ A A b oa & & M .._......._..-..-..-_
.-_.-...-..........................r....... .l.._ . - . - N .r.r.r.............-. .-..-_

LR T A

A d b od ol de kR
ror on ko b d
-..-..-..-..-.-r-.....r.-.._...-_.-..ll_

L
bbh4 L

-
'll-ll
i
]

L]
X x

L

&

" .-.._..r._-h._..l.h”

-
o dd bk k&
[l S e e

.
S or
LN

r
3

E
L]

-

5
Em

r
1
T

- B J'.I
e
L

¥

o
4 .
N A N e

PR
- & § £ 1 L c ¥

O Sl S A S S
.

lﬂﬂ-l
A
XX
S
e
we's A
ar [ ) F_FE & & N ]
ST L e e e e
- i & P AN
P L
e __.Hx.v.v x .

a
" a ..r.._ .....r.._..._..-_.-..-. ]

.
F b b o2k a2 Xk ki
P U N

..-.T.l.......lll.

L]
>

L L
[ )

r

4-'4-&4-4-4-4-4-_1-

L]
r

l E
]
Pt
& .r.r I
- .r.r........-..-_
F] » .TH.:.”l
a
ke
- 4
.. I.__. :..l ) -ﬂu

Py seinbi



U.S. Patent May 24, 2022 Sheet 5 of 20 US 11,339,122 B2

|
:l!i‘:l'.x:-!::i!x'
A e e
WA A A A

Figures 5A-5B

LI

']

.
== T
‘?‘1‘.‘
b

' E



US 11,339,122 B2

Sheet 6 of 20

May 24, 2022

U.S. Patent

I:I:H:F'
AN

g 3Jnsl4

olage
AT




U.S. Patent May 24, 2022 Sheet 7 of 20 US 11,339,122 B2

Figure 7

.
- "
y

» I

P

3 4
EAN X t' -
s Ty

'y

L ] -I'"-
Ll W




lrf L]
. _j_-. .

F
r
X
g
-"

2 .h“v - . g
. - . .- . .r_-..-.__t . 11-
'S T PEPNT VTR B
o ity Loy S
L] 2 -
| 3 K
‘.....r ] .-.._....- “ -.1
g ;2 . ]
 § w -
A - v . \ .
[] 2 .IM 3 .
T : -
‘.....r -.__ .-- ...-.... l.....-...!... -.- N 3 ”.
—_ e 0 et | TAJHL UM wmﬁﬁm IR} PAVLOY
i l..-..r.l- - L) 3 . I . . F . . T .
3 ; _ : ¢ {8l 5.8 s AT a v’ v x
ye— ; :
: : SEERDNEIDE. L
- e
- e T
U - G
1 .__.”.4”. ....H.___H.q”...”.._ .
- H....”......r.._.._. 1.r.._..r.._|.._||1

. - ] .-...........-..__.__.._hiii-i-.l-.r__i1
e r 3 .....r...........nn-nnn.n-n.l.
r.....v....._.nninn.._.n -
- l.m AR NN
a dr i
3 et a e
ey - ...4......&&_..*..........{..*......_...._.
~ n - L A
<. __..4...._.._._.&........._...._
T - dr iy iy i e Ve a
wa AT T e T e
, - A Al Al Al 2
F i 3 R .....-......-......-.........._..-..._.........-.._...._.Tl.... bt
i . i ..ri..-.n-n.inni.__.__.__.__.r.r.....r .4.-......-......._......-.............._1.._. "
1-.- - D & ow Tt
[ - -
P ="n i 11_.-_ - K 1.-..-..-..-.._...._.-
- ~ - - ™ - Bl L L
LA - - - F 3 - I - - w o & i
- . n - - . v oy .....-_- - * Y
- L. P . - " alw
et - - v .-H..-_.-_ " PO TIE M NN
Ar .I.....-____ ¥, LT M
] ar - AL AR M
¥ - . [ (] - o v i
. ] o L & bk ror
* 1 F - o ar ror
. .‘” o -. . » \
r .. B - |'. .
F - -.__l. - - -
' . . .._..l... ....l. - - LN ] 3
[ n“" -u ."ﬁ Ty " -.._..l -
Ll -
A A LA X
u 3 ¥y ey e e
LY - N P Al s
N N R L kL a aa a
. 3 " 1....._..r.........._..r.._........-....................4........................4.4......4....44...
et - S N R A A 30 2 M M Al 20 2 M
N - el B S Nl S
ra 1.__.1. ar o T T T T T
. - ......._.tuu...#......k.._uutt#
.,_..._........ S el el sl el ol
41 s - ......_..................q........_.._.._..,.r...
. P M . ....._..q o Yy i e e e
o O L N N - k#kk*k##krbrbbrr
ot R N - A0 0 N Nt 20 R . 3 e e e e e e
-y k" ., -".\__. __. ALIC NN NN N N .. _.. ................q................rtt&.__t.r.. ¥
-.._.-_-_.t,.. ~ - - . 3 Lt .......................r.... L
n - . - -. .._......._ ip.l.
T ] ' - .
.___" 3 ” ._........
. ._..._..._.
- Tty
' Calalal )
; oy . W Tk .__.._.....44...
) S Calal Sl
[ A - N NN NN L
. “x - . i e e o i
' Sl e e e
e M i . r P I T T T N N
b r
v " a - .
- L] " - . h
.._.._-. -~ il . 3 [
r ax
* . 3 fv
a - ' .
¥ - . )
P i .
¥ . M
S . : . .
. - - -
- . )
\ I-F ; e,
- A M . wraetuetuta
3 . : .......................4...........4....4.4._...4
’ Fuiarly e
. S sl
- . s a2l
. e e Ta T T e T
- s al al al all
- . P .....;..-..l............l..-.........l.....l.-.-1 d & J b dp br B b b m oa m
....w 3 . Pl sl P N
- o b a dodrdp o dp ok Jrodg h ol drde r b b omoaor
= T - Pl al i iy i e e e uT A .
- Py dp drodp b e de bk b b ok oaom
. - Pl e
‘ o - - Pl dr Yy e e e e e e
¥ F Ny Y g LA N N R I
T . o A i e A e
o l” s a otk .
3 g ey " -
- r.-.-_h- " roip dp i O b Ao r
3 ] ' .r...tk....q......... Ty a e w et .
- ) i -....r”.r.;..r”.rb. .
- i - lnni........_..-..-..-..-..-_.-.
.r.r.r.__.r.__.r.__.r.__.._i..hi.__i.-...........-...........-...-..-.l.-..-_
3 ilhphgr®, w x ¥
- e e Y

dr dp dp b de b & O dr dr dr e dr dr dr dr dp dp i O dr
! P kb k&
- . .._.........._............1.._...1 Pt o, .r.....T.....r.....r........-.t.._..__ A &k ko

. . r o e L o b b M
- - . ﬁ\i .r.-..r....._...._............. g iaftafial .r.....r.....r.....r.._.........._. TaTATA A A
] Wk d ke ke d M dr dr A d e b A Ak
. .IIE.T.TE.T.'.T.T.'.T.T.'L

- A 3 F R MM N ML MM
. . |w.1.. . I.r \-t ...............r.r..,.r............................q.._.r

t 54 i |

...r.__. P
bk & b om om oa aoaa k& A Ak .._.............1......1 .r.._..t........................_..._.........._q
" kA kom A .._ - & .._h.__h.__.r.-...;...............}................;..-...r.r.._.r.._.r.r...............-................}..._-
s T A M N N RN M S AL
A A T e e e e e i e e b
rF o B S Tt P P

w R, ” ' punoduinsy
| punpduod prany

' W 2 s s oa & Mk b b b b A d
- . P N A
. . g A A A ke E

May 24, 2022

- :lrlw. B - o
ot ; - N
- ! - .-
! : :
i - - 3 .
i g T - e - 3 ,
L ,Wn-rw___.. - ., . _.;-r “. ;
Y Ll .l... .‘ e - o 3 .
- = *n * - r
- . 4 F =
’ “4. o “” 4...,.. 2 “..
X . - r
i iy
41 - - - '
¥ _.....1." - llwo a “ |—r .“ - .
] ‘4 ¥ . *
] u-..r.”.' " .ll ..__.rl , P .._.r.. ...-.l _l.I - .1.-
||-..-T."._.I.-. ..__-_... o ' l-.lnu 1 ” -..
" r -
' -

L. & 2
-.__-.__-.__-.__-.__-.__i.__-.__i.__-.__-.__i.__i.__-.__-.__i.__-.__-.__-.__-.__-.__i.__i.__-.__-.__i.__-.__i.__-.__-.__i.__-.__-.__-.__-.__-.__i.__-.__-.__i.__-.__i.__-.__-.__i.__i.__-.__-.__-.__-.__i.__i.__-.__-.__i.__i.__-.__-.__i.__-.__i.__-.__-.__i.__i.__-.__i.__i.__-.__i.__-.__-.__-.__-.__-.__i.__-.__-.__i.__-.__-.__i.__-.__i.__i.__-.__i.__i.__-.__-.__i.__-.__-.__i.__-.__-.__-.__i.__-.__i.__i.__-.__i.__-.__-.__i.__-.__-.__i.__-.__-.__i.__-.__-.__i.__-.__i.__i.__-.__i.i..-..-..i..-.-.i..-..-..i..i..-..i..i.-.i..-..-.i..-.-..i..i

SUIYIARIS 3ABIINAISAN

Q 2indi4

U.S. Patent



US 11,339,122 B2

Sheet 9 of 20

May 24, 2022

U.S. Patent

o punodamos

Wi ‘v1/s punodurod

............
.................
........................
...............
....................
Pl e
.....................
............................................................

6 24N3i4

(lo43u00 jo %) axeidn .o



US 11,339,122 B2

Sheet 10 of 20

May 24, 2022

U.S. Patent

ea
e
. s
r e
e . .
. T r F
. «a
1.._.._. -
r . r .
L] a4 i = a
] . .
e . .._...._..__..-..._.-.. a . .....__..-..-..._
. ek maa e [ w dr e -
[ S e A A i it [ S S e R o
wdr b b Ak koaa o ip NN
- b b b h s s Soa dr o W - LI D I I N e e ]
r b k& Y . iy a bk A A A & A b b kb o
- i PR B N B I IR IR e I e ]
n W b oA L m b & &
[ Sl Fias . . aoamawm
o ror o & « & & & & & =m I
o or i & « & & & & & b & & & & &
- r }.b & Fl *.r b & & *.fb-.f*.f*.f*.r b.l *l b-l . .
- " L] " r . l-”' L] b .'-b-'-b-.'-b-.' .'.T.T.T.T.T.T.T.T .T.r ] .rl ¥ .'..r . - .
.._.._......._....... T -.....-...1 ) ._.........................t.....v.._..r Pttt (i ..1...............
S ey xy A A N A LA
r ¥ i . . d ¥ X .
i Sy [ Salrs
s ¥ . -k Fias
s o ..r.v.....r .._..._..
.-.........r”; ......_. .._..._..r.....r.... atk AT [
..r.:..r.;..... x Pl iy i i
od Ao Eormoa Fip il i
o drodr ok "1 rr R I*.T*b o
.“r....r.:..r”. Lt LT . .“.rn.r .r” iy s
a ._1.;...1.:...1L . X A .rH.r I i !
tH.rH.tH.r 1” ..... A 1....1”..1..1.._. * ..1._ ........ “..
F A .
X i iy P S St .._.n......_.._...._.._...._ r.r.r....r.v._. 1-_1.._..... .._.__..1._1.._......._. . .._......._.....
Fodrd & a dpd drde e de o b dpodroa r drodoa e a b ik 2 a i
Xk N o A e a T Xk - Eixaa \ P 2 e
Rty T P P it ooy w et e T T T T By T T T e xh
P W . P SR AL Ll ol " e . P P R IE ALa  aralay
"y T a N L Al Pt N ) x FaTws ok i T T x
A, T e . i T T e e e s v T T e Xk P ) i e
X o e A i T Pk S Ta T e * LT e e x & < x X N x
Ty . g T T ey - N N el sl als e a e w s T e P I 'y ' e N ol al ol alalal;
vl e s P ey AT e e e e o ST e Xk ....4_____-_“._....__u e W e T e
o ar o T e e N N N AR RN, 'y o T o o T T e T o N N A
. e e T o T T T NN w i e e e e e e s e e T 'y . ST T e T T T T Ty w i e T e e i e e AT e e
Eay . A NN A N N N NN N P A N A N T T
dr o a . dr de dp e dp e dp A e ol A d Ak koA a O e T S Sl S S o S o S S s iy Wy dp dr e ol e e b dr dr b dr ok ok kb A 4
da ek e aa  a a  TaTa  T P N N N N NN NN e kT a . N N N N N N NN
B e et it ’ T B o T P ’ Rl g iy Y
R e it e, L T T RS iay S taf it Lt o S N
dr dr drdr dr dr e e dr de bk kA ) ) ) e S e e T BT Tl Sl Br d dr dr dr dr de e dr g m wip i dp i dp i dr i de . dr
PN NN T T Pl P L
e .r.r.r.._..r.._..r.._..__.ri....r_.. . iy o .....-..-..-..._..-..._........».r .r.r.r....r.v.r.._..r.r.r....r.r.r i oa b A 11......-..-..-..._..-..-..-......-.._...._....._...1
.r”.r.:..._.r.;..r.r.r.-...__.._.r.r. W A ke b i i i i
R ! L 1.-..._..-..-..-..._..-...1.-.
e -lu s P
r A .T*.TL 1 LI .Tb. r e dr i & .r*.rb.rb.rblblblblbl - . lr.T*.T i .'.b.r
l........r....r.:..r - 1l.:.....l..... I . I N, . . . __.l.....l..-.l..__l.... R e P r .r.;..-..l..... a”
W e P T X ks
Pl s o x T
VL T N e . | ) . . et o L
oA e T T e w e ey N A T o ol
"y o " ) eyt N o R e
e e T e i Yy Sl T TaTa N A N A ol T ol
Ty X e e T vy e e e T )
. s Sa S g S R Fh O e e S R e gty i i A Sy Sy h iy

e ok ko RN
P e e e e e
e

i

Sl aa

P a T d  a . e o
P e e e LA AL AL
. rhodrddeor oo | m oa o= kA doa rob i R
m b & « m a b h b b ki kkod n b &
raer R rr s a s A Ak - nor A d
Mt
a a kb b & r
r & br irh & -
P R
‘i P ey - e i o Sl Sl e oy
= ' - § -
. .11.-._...__ ..._......._..r.._......r.__l Ik nn.......v.r..................._...-......-..-..-.. e rraaa ln.t.f.?.r...................l.....-.}..-......-..-..-..
Ve e e s e ok a e e e i e T
N D e r o PR N o ke
) ey el ek ke & e i i i P P e e e e
Bl P R e e SR n e e e T T e T e
) IR e e a aa a pie ie iy de dea VRR P e e e e i i e b
P xaa Py x N el e N LN e ENE N
w i e el el al el ST e e e e e e T e i e Ol N i aa a al al a al alal sl sl ol
LN R s S A N N Mt T T R N Ml AL A R NN R X M M AL N MM
w Tar Y Ve T iy e U N RN M 2 M M T A A e e A ST R IR N M N ALl M K )
X x ¥ N atala e e e e e S e N o o e
ooy m om ko oam Jdrodeodpodrode b e dpo B A 0k b &k k& Ak dr i i iy b r o O dr dpoa o rodr dr o dr oy Jdr o dp dp o dp Jdp dp e de Or dp i
X S u droaaaa e a e v a i e e N T N N N a a aaar a }
N NP N e N R N W)
X N e e e el ol s il A Al o e N
e i e e e e e e e e e e e e LR A N a ar a al a
XX dr e e e e e e e e e E N NN NN e e e e e e e e
NN N e e i o . N e
e T e e
[ S e S e T S r Jrod kb dp b e b ko &
CREE 2 A e e e e iy iy X e e e e e .
Jrodp dp dp b dr kb & K bk b oam . Jrodr dp dp Ak Mo
N NG A i e
e " i o
wodp o dr Ay de s -
P o . x
r - .__..i .-..}.....l..._........t.._. . -
.- ii.._.__.r.....r.....l.-.......................r.... .r.__.r- i
T e e r
--1
A

P
e e i e e i

: N S
» . - e p a
g = " P
A a ¥ L
¥ Py i x> X dr i .
T S I T e l......-..-..l..r.-..r.t.r.._ .r.-_.....r.-..........t.... lr.;..rl......;..-...T.....__.r P iy .-...;..r.t.....t.r.T.r.t.r.r.-.........l......
x F et e . o S S A SR el B e T S A A S S S S S e
..1 Y N N s Fod d de e e dp i W iy e e e de A e iy
t.r.r.r.._.....r.r.r.....r.r.r.....r.r.r.........-...... Pt SR e i up .....-...........r.r.r.r.._ .r.r.....r.-...r.....r.... Pl ..-......-.......-..-...-......r.r.r.._.r.r.r.r.....r.r.r.r.r.r.r.__
A w W e e SR e W e o i A e e
....r”........._.. i .r.r.r”.r .rH.r .rH.r.....__ . r. 11.”.......r......H.r....rH.r“-. r .r”.._......... ....H.r.....r.....r.... e v DR .r.._.r.
x 1] b..'b..' .T.T .TH.T .TH.T .'b- L] ¥ .l”.'b..l ' .'b-.'b..' .'b-.' ] " L] - x 'l-.'.f.'b..'b-.'b..'b..'b-.' - .l-l.l.b-l.l - b b A M .Tb..'
L[] .TH.T .T”.T .T”.—. ' .“ - .T.T .T.'..' * . .'.T.'..'.'-.T.'..T.'..'.'-.J.
.rH.r .r”.r .rH.J - ' B S
- .rH.r .r”.r.r.._ ..TH . 1.._...1......1......1.._...1”..1” NN YRR NS
ey .r”.t 2 a L AL, 1.__...1.._...1._....1....._1.__.._. x . .._.._...t PRI -H.__.._.__.r.r.r.t.r._..
i .anH e ......-..-..-.... ..........................r.r.r.._.__ RN s
G i X EE A P .__..__.._._...._.._.._.
N N N . AL .._......._..._..r.._..__.ll.___lﬂt..._ N I
e i.....................r.r.__ . ..............._............................-......-.._......._. [ .........-..__..-.._..l..-........ .r.r.r.r.r.r.r.....r.r.r.r.__.__.__.r.in.__inn.._n.__........._.......-..-.._. ' Sttt
Rt X LR . ST, LA A  d e ke d d o a ma A A R da L e
P i W e iy i i iy 3'a a m m oade kX AW e s N
P o T I N i i gl il P i e il ar i e i oo
P e o N e I N sl ol FI I N ol i e r - Far
W aar P e S R e S R i S e ol S ¥ O S A S S S S S e dr g ek [ e S S A A e e S S S S S P ) Fonlialriart
Frr e oaw oaad A e i dp i e p dp e de i dr dp dpdr dp il i kM dr i dr b b b b d ik ur i d W dr A dr d k d ke de de Jr dr dp i F S
" 4 4 4 4 4 x i iplp s 2 2 n 2 8 28 2 2 2 2 = 2 2 ;5 4 & 28 = 2 2 = g g dr dpoip dp o dpodpode de b dede de de de de o dpodp dp e B e b b b Jr b b M dpodp . S dp dp dp dp dp dp dp de e & O dp dp dp dp dp e dp dp » S dpd b b & J'h de e deode o de dp dp oy i oa
e R I T S S S S S S e e e e e T - o I o S S S R R i S v ey o S S e e e e S S S P R R T T T T Tl O S R ey dp i g de dp e e e i ke b F o e e S S e e S Frnlria
» B e e ek e g e e e i e i e PR N N R A a ke de i A A dr B R Rl d i i ke ke b g A de b b ke ke ke kW ) B e ar e e iy dp el e e e e dp r p p il drdrdr de & dr b e b b b A A dr 0 i X
S de p i e ey de e ke dp dp dr dr o ok d de d de de ke e de de U dp o de iy i A Ak L e e e e i e e e iy i e dp e U e dp o dpdp dp i e i A de e de e de e A e dp ik )
& R T e o e e S S S S S Sy AR e ML R W ke ke ke kR o d b i ke kk - v O O o e e S S S S e e Ol S o e e e e e e e Sl Sl Sl v r'h
e de iy dp dp e e dp dp e dr A de e b d g e d de A ke dp X e WA Ak * . B o . B e i e ™ oy
N g dr Jrdrdp dp drde b Jede dr de o de dr & bk b b bk Ak k d d deodeodpodp = r A & & dedp g g dp dr de de dr g M dp M dp oM rdrde dr de e dr O Jr de dr Je dr dp dp  k aa
[ S S e e S S S e e S S o R S e e S S e S S S S o] ¥ A o N N o S S S S e A S S S Sy e S R S S S i K
4 » .rr.r.r.r.r.r.....r.....r.-...r.....r.............r - T -.._.._.__.._.__.._.._.r.r.r.r.r.r.r.....-............_.....r.-...r.....r.....r.-...r.....-...r.r o dp b drde dr B dp dr dr Or Jr dr dr dr . -i.....r.r.r.r.r.....r.....r.-...........-...... ey
» e e - r P e e e ke d A Low .__.._.-i# 2k e b de ki . . b
¥ a T N . 3 L] Job dr & & & Jp b U b dp & Jp o4 oa .- s oa . . de il
4 . - moaom . = r moma e de M dede a 'l ok ok bow drde o dede dede de Mk 2 2 a2 = & a . e
e e S T A ¥ A X kO &k k bk kb
» " s s a s A - r w e de dede dede e ek F
* a - oM b dr X b dp & d dr
& - v k X A e e b b
. . .
[ ] - L $L & i &
[ " v i iy e
s * * ’ Y ey
A ¥ T e
" = r ik dr M a e ke b & ol A A or e A I
h » F Wk i e e bk i 1 YRR N
o - r b dr Ak . drdr e & A bl a4 . 2k m oam ko koaom bdoa
- +* Fl m b b s s oa w i b kb o& by b b s b hoa h ks b M ko
[ - r o aa waa M a e e i
" = . .....rl.....i-.-...r.r.-...r....r.__..._ e, R Tt L
¥ A ar o b b d i b ke ke B a0 dp ok . e S T T T i e e e A A X &
. - r o e . 4k M Mk m aaaar e
- * a N i i dr i dr O e dr kb Jr U . a o e T i T i i A r &
. - v el e e A ke ke b A Mk N N YN N RN P
. * . X i a0 . NN NN EENE x
" = r » ¥ P N Y T e e S A m
. » A X 2 e ey e de e e e e ke K oaa g ke kA ko .
. P i - r x Iy P N N N N N N R R
- w A dr dr b b b & O Jr dr Jr 0 Jr O Jp ¢ * a o Jrdp dp dp O dr b & de Or Op O Jp Op Jp dp B 4 rd dedr e Je o be § oo dp b b om
. P e i - r ¥ wod dp e de 4 4 R M M b b0 i b e de Ok d ke h h aa
- . ¥ a o e dp dr dp b dr Br de Jr Je 0r Jp Jdp Jp dp oy rodr dp Jp dr Br Jp M b b b A .
. i dp e b 4 bk A i ki bk ¥ T .._. ar e - e e
. ok A dr b dr dr ke b b b dr dr dr d M . B e PRl gl o il - r ' W d de de de i drde d e bk A de dr i T N L S Sl e
. Wy ke e de b de e ke e de i ir I A e P * A - Wy dr e de d ke de dp o dd dr e i . N e e
. Rk R ARk d ke ke ke ke kb A e e dp e dp e ke b b » - v bk ke ke B g de B e e ke de de b de dp oy e e Bl e e e e ke e e bk
. g o NN * . ¥ Koy de U e dp de dp e e de e dp e e iy de iy i e iy e e kA
" T i W odr dp dr dr S dp dp dp dp dp e Jp de dp dp dr B b b = om o mom o m ko Jede drde drodedr b o = r B odrdr dr h dr de dedr S dr de o de Jp i dp dp dp dr de de dp dp dr e dp dp de O Jp dp e b b A om
[ e e R e e e S I I I e e e o S e R R R S A A R e Y A T R RN NN ¥ A P de b de dr de dr de dp e dp b Bl e dp e dp e dp iy il e dp b b b b ke b bk
. T g N i A i St A dr b de i oa A - r I R e i N W A L
a T iy iy e e dp iy e p i p il e de b de e W F b ar kg d dr kM k * A 2T dr dp e ar e dp e dp p i ey e dp de e dr dr i p b p i dr e bk kA
& . dr i g e dp e b ke e by dp e dp ke ke ke ke [ S e A S S Sy i S e - v el gl e e e de el il e dp ey de e B g dr e b dp b b e b e bk k om k
" N o S * . . a d e d d dp A e d b dp iy ey dp de e e iy i iy e ey dp e e A 0 e A F
» Tap T i dp e de e Var dp i p e - ¥ o de e dr e e de ek w i pdp dp o dp dp e e ey i e ey e dp e e e e A1
N dr ity i i iy p e e dp i e iy iy e ik * A F AT e e Xk k M d b de g e b de dp B gl ke e p i e de dr e i i ke g b de o r
4 A dr o dpdr ok o gl dp dp dp o ded de dp dp oy dp e dp - r A A d de b M w g A de b dr o de de b deod wodp i dp dp o dp dp dp de de o dp dp dp dp e . R R -
N N N ar i iy Vi p i i e e e dp i iy i * M L g e 2 wd N e d A Ak F ar i iy Vi iy e dp e U up Vi iy Vi e i i
» S 2 h wdp iy g dp g de dr e e dp iy g e b - r e 2k i ke ke a S e e dp e p iy e e b 0 dp g ek b de Al dedr ke a
N o U A N N A N * A Al e A ol
N e x e e  k P s al - ¥ N T
R e e b dr iy b ey e A » A w i iy b b e e dr k1
* PR L ) " v P ks
" & [ Sl wdp dp il Mo * a
& T, . - i A A ar i i g A - v
Wi b oar o ar de dr dr b kR A A a dr dr i ' Ak k k aak ke kA ke o i i & A ¥ .
N Jr b dp M dpde o b b = ko m o om Jp de dp dp o dp e g a - P drdrdr b oa O oa = r
b Bl b b b b kM ke i i . . - o S A i Sy ¥ A
. Pl i P N - r
o e e e S L g dp Jr Jr Jp iy g dp ok a * a
» W dp i b e b b b M mom de bl el dp dpdp e mow - r
Sy ip dp Jp b dr b & & & A Jp dr Jp dr Jp o dpodp o1 - ¥ a
4 Jrdp dp dpde e b b b om o Jr dede drode de dr dp o dp b " a = r
Fod i dr O bk kb e de de ke » » F
N wdp iy Ay e de b M & Ak dr O de o dr o de dr o dp a - r road
X e e e e e Wt . o . 3 e
gl U U e b A i kA W b b " a ¥ o . Xy
N r.r.r.r.r.._....._..-_.._%.._.r.r.r.__ a = R r a
N » ¥ A X -
H E; " | -._.." . -
* - " Xk
* - s i
¥ x . i
N - W wr, -
N s - rodrom - oy
i * a M oa a ir
X 'y - r o ra
L] L d +* lT.' l-.r
» . e - YA, L
* - " s T St N
» " -y - . e TR T T T T ey I S S S e i e e S e e e e i 1
- A i il el wa ¥ . r X . X d dr dr dd ko ke d X a Dl ol
4 . L drde dede dede e de 1 S = r s Jde S de de o de de de dp b x P "
P » A x X bk k kb de k dk P P
» ' X - r P e de dr de e e e ke e A x Pl '
" * A P Pl N Py s
& X . - v . P Sl s X 4 S ke
-y ¥ a roaeoa I & 1 w iy Sy dr dp i 4 F Jo.
N oy = r a doa oo X a de dp de W [
r . * A . x & [ X ar o d i
4 " o - r [ oy oy drde de ot ioa
i . ™ * a » X ™ . bk k
» .k - o - r Ty .r oy oo -
i e P X ¥ a o™ I a i A b -
4 ™ o a = r s da ' ™ dr o d & r
K s ¥ A ks X Bl il
» X i a - r W . X s
g s * a » o Ak N
& X a Lk k k - v T i ol
w i X ar ar ¥ . ay i P
N aa e = r a'a yoa sk
i R St ¥ A ST x X ¥k
4 ol o b ded F - r . ya ol
ir Lod bk b * a " . ™ N i &k
» Yy Pl - r a . NN
P - d b A A ¥ a - iy X . B
4 ry Lod b = r Y r 4 e ar e de M a
o oot » F e X - x kK i .
N X U R - - r romoa wdy A d o drd ok -
xoa Nod A dr Ao x * a " o oa X a m dr o dr b A &
X x ko r - r ks Ty Lk x .
Nl oy drd N o ¥ . e X4 i )
N b oaxd k& i a = r . ™ PR o
Pl Sl St .. ou b ¥ A a e X - R Sy S S eay e
. N .. RN R IE N TR N AL - v e o L o
» i i P P i Pt e AT T - » . s v "k R S i B Tty
F ol oA g b b A d bk - ap oy dpde M h WM de Ml A ¥ 3 a a SoU M b & or P e ]
4 " a k& x ke a ' - » " a r s . S e . ........-..........r....._.-..r.....r.....r.-..—_.r 1
4 o e = " " __.L - Pl M N T P P L T
e e odm ok odm e dm e e e e e e e dm e e e e e e e e e e e e e e e e e

Y.
.

G0L-v0 L seunbi



US 11,339,122 B2

Sheet 11 of 20

May 24, 2022

U.S. Patent

o & i
2k m . et
o S e oo
YRR o il e
e e A de de e e e de o N
PR N RN R NN RN R R R N r ir & F
bk e b b b b de b de b ko g
o I I i i i A e e i .
b b h n n on om0k ok Sl i i F e " = s s s m oA -
P Pl P R A e e A T
et i Pl TR A AN
. r Py roa ko A A kb ..1._1..1......_....i.-..i._1.._.__.__i.__l
1.1.._......_1.......H " e [ e e i i P .rH.r o waw a N X L
e - et T e e L wda L e e
s e P NN NN RN L Pl dr i i ey e e e e a a e ak
ok d Ak o Sl e dp b g dedp b dr h om om kb de b dr Lap o ae ar ik Sy g o dp dp de dp g dr B dr drdr b om & drdromoa
2 . o W T e e dd e de bk a kA g g de b dr bk el Sy Y wo e e ko ek ke b AL Nk ke k
. A e e ke dr i e d ek m m ke ok m ade de dededr ol . - ) i dr A e e de ke m km de e ey b
O S i Jodrdr b drh b omom ok ko kb d b dpod o dpoir ko > Xk s . - s a . . - Xa oad S Ml iy g dr dp e M A & R o )
o d ek b g a e A ek NN N R R A N N ] P v RN . ol e ek h a .
sy d A d e e e e de d b bk P I T e e e i e iy R P ok d dr g e b ode ke g ke bk w W dr a ke e de
- i .....r.....r.r.........-...r.r.r.r.r.....r.r.r.r.._.__.r.....r.....r.-......__ - PR N r.r.r.........-...........-...._ W .r.r.....r.....r l.r.-... ..... .-...........-.......r.-...r.....r.r.r.r.r.r.r.r.._ .r.r.r.r.....r.r.r......_.r. . .- .r.-........_ bk kb oaoam
e e s at . ' Pl A A ey d d ek d Mk ok A . . ' aa .
- s s i - 2 oa ¥ - d k& o ik & B om b S de d o de b dr b dr Jr Jr b be B o om Ok oo b b B b b B kb kB &
o & o N AN RN .k ke e e e e e W A e ke e b b ke ke ke b b doa NN RN
r ¥ 'S ¥ o S S A A A k. b or o addr e m m e e e de e dr b b b A g bk o e e S Y
Fod oAk o roror i a rom b & b dr drd b dede M d ok oa sl dr e B kb sl e h hom koa ko a oa
X o X b r L ue e S S S R wa Sy i S B A e b b bl b b kA
A Pa A Fom e e e e dr e ek AN AR RN
..r.r.-.......r.r....._. " . . - ra X e s a i & O .._.__.._h.__i.l.....-.......r.__.r.__.r.__.._.__.._h .
w drod A . e s i dr o bk kA F
r.r.....r.........-...._ o a Ak ~a
. L N : e ke O R
.....__.“.._.H....H.r.r v .n..-..“..quuu u.rH.rH.rH. . "a e
. aaa A " . . -
AT .__..__.h.._..r....r.r.r.._..r.r Pl ety .__.........“....4. oty
aa T pigiiops P X w E - " s
I e O e S Sl S S S S o i iy [ P A L > a N o e e S e S S Sy Sa g i W i
i i i . on N A N A I L a3 R o Tae T e T T e PN o A o I .
[ g . onlaa B e ol e S e S W ar i e ey ey wa. e e i B e e e e Y & ar e dr e e i
i i L oalak e v Y v B N L L o L L N ) . awaa Far L e i e e i e a e e w o e .
dr o dr A Jr o Jrodr b i droa - & b &b k& a LI R S S NN ll.l LA m o dr dr dr dp Jr o dr o dr dr dr dr dr &k - b b b k& 4 = dr dr o dr dr o Jdp o dr o dr o dp dr -b..?b.b.b..'b.‘.'l..'l o dr dr g dp o dr o dr o dr o dr i I N N B
iy e i R o Sl Y R Sl el g e o N A N N N M N NN X . X e d e e vl i e e - P e g e e e Rl B A . N A A i e e e e A g Sl Sl
PO it e il Al e kAT, L e e e e K e L M A N N N N NN . Vixa B e e e e e . T T - i B NN
o i i i ol e b kA a n T e r e e e e N N M N NN NN > a O A A A x A A A A A A e R el
e e e e e a ko s L N 3 Ve e T e e a a P S g o oal i i A Pl e e e e ey e e e dp B B A L A o e o Sl T S i R A Y
P S kT ke ke aa Ak w e e e e e L A A I A o L B L o S S S S R S S S A Sy al'Y N o O I I T o o e o P A N A A N N N N M N N N NN N
e dp A dr e e e A e e e e e dp gk A A Wl e e e b b A aa R e e dr iy e i iy e dr e e e e e i iy dp A de e dom b A kb b kA o e e e e S i i g S dr i iy oy e e dp e dr dr dp dpde e de deom ok om kA a
a1 TR E R e de e ke de bk o S S S o N N N N N NN NN R E RN, e e A de e e e g dp ik kA P . A A I o v S e A e ey
DO S e S S e S R e Sy i A A S| A Vo e e e e e e i e A A R ] ey e e e b b de ke el A Ak P e A o N A N NN NN NN
ik w e e e e R i L L L L L B A e e e e e i ke N A N NN N
wodd e d b drde b e dr bl o oa ek omoroa e . m M dr b dr b deo M dpodra Jr iy iy oy ey e oy e dp e 1 b de F U dr dp de g B de b dr B drdpoa om dr dr R [ o o e R R e e ol S
PO S S o e e S S R T S A Pk de e ke e O bk i N N A N N N o e e S e A A A Y P o e e e S o S el S R S S W a e e bl x o e Bl ey e b A bk M A A M bk k
D e e S e e e e e N o ] e e ke de e ke P M N N b b a A a kom ok a ka ko de ek ko o o e R e e S S e S P A M N L e S e S
=kl b dr b b b b dpom e b horoa s P N N N N w i b b b b b b b b b B & b b J b dpod dp b oa Jrdr O dr Jp & b o dr o0 & O O - or bk Pl Rl Y
P . drode o a e kA NN AR RN N N L e e e e S i R e Tl - idr iy iy i A e
ol ol ol ol ol R Y r L A
- & i dr iy i ek [ S A Y b O b M dr ok &0 S AR . i dr e
A LN " N AL - LN
N s i . - ey ki ) oy
P e g a a i i X i e ool oS w i i . AR i
Ny W s N i a  k P i i W .
S i el iy B X de k ki a Pl Sl v ek . Pl
N N R Pl e LR x Ok w T T T e i e ke b
' dr dr A dp iy dr i 4 r dr i de b am A a Foal ol oy T - i d b M a A .
iy iy Vil ey i e - Ay e ey n X i a X e e ]
P a e e g g dr g ke e ki w Ak ke ke - T Ty P I NI Y
oo T i i i T o T i T e i PRy wa A r a a T X r i T  w w e  a T a
r o ap dp dp e Oy dp dp Jdp iy oy e S h b omomom doamom ko koa row. Irod o ar ¥ r s i h b omomom d k
e e i A T e ey e e e i NN T ey N A e A .
Wy y e ddr p e e e e . AN " aa P A A A N NN ol e A a e A aa
rodp dr dp dr o dp & g dp dp iy e iy ol de d e om P b b oa d d d b M L oaw ok dr rod o dr i kdp b b b & b dr b O
WAy de e p e e i iy e e ey ek b e A A Ak bk P A e S o e e e e o [ o i S S
R PR X ek k. R . X a . N N N A ] X
P e T O roap iy Jrdp br O Jr M b & & P ™ yod i oa P S T S O b o b & &
PR I e e A S Oy Bk b b b o ow e Wk aa h n w w Ak ke kA b bk
e e a ek A m a n NN
WP 4 moa omomomom dy d A 2 d b odra rdpdr' s m omoamamomoanam Fdr y oaom
B T I . L L ) aa V. o Py .
Fonl i e o R L o oA Ay
Foap dr o el e R S A I SR S, R S St e b aoa .. [ e e e " . - s om A oa A aka
i NN E RN R e P R T S S Sy L ALl s N A ek RN L ke A M e ks
'y o e R R o A R Sy S RN e WU e bk a amoaa b A aa e de de k.
- r & i A O dr dp dr b b O de o b brom & & d & Jr o dpr . Xk A bk [ I Sy . s &l & bk b dod o dr e b b br b oa b b & O b dro&
i & d o i e dr Wl ek kel b b kb b M oaa ke A Mk r 2T 2 e e e i e dr g b ek ke b b ke A b a kA
v Pl ol s P M A N N N NN NN NN L s e A Al A e e e R
¥ Pl e P T e e S ) e e iy b e de e de bk om b A Ak e A .
aa kA de de e bk de i deoa -k a kX "R PN M M M AN NN NN TN AN
P e e R e e e i Sy S Ry Ik e w gl W a 2 T N N N N N
R T T I L e ity e e e
. P R o L e g Ay A e ey e Tl el de P R g L L L L L L S N A N P A i A
X e e k. P o o o T . A N N N N R o L Y rraTa T e e WA A A Ak e ek k ki ke kT
de d R e e e e a e e e dr  r iy oy e i ' L) Pk A e e e iy e e e e RN RN [ A Y
A e i P N N A P NN Pl o e I Sl et e i e o N N Al YW NN YRR NN]
o o R I T L L L P BN o N o o N O T L A AL A A 3 i ek e e e e e e e e
e A N A N A e e a e a R o L ok Lot L o o L L P I LI o OB o ol ol L o ol L o o 3 o o 2l N
r.............r....; r -.r.....r............................-.r.#b..#}.#il.}.}.}.}.}.}.}.}.}.}..-.}..-.l..-.l..-.. LA .r.r.r.r.r.r.r.r.;..:..-..}..-.l..-.}.l.}..-.l..-.}..-.}.}.l.b.r ' sy b b M m s moaomoaoa . . 1.......4.......-.......... . r.........-..........n rr r.r.-...r.....r.........-..ih.rb.kb.b.}.b.j.l.}.#}.}.}.}.l.}..-.}..-.}..-.l..-.i .-..-......-.......-..r..... Y A e A
P R Al g i a a a al a ] O N o a a a a a a RN i o e g L L L AL 3 ol ol P a s e P
B T S o e R e g L 3 . o e e e A ria s a . N N P T o L o T o o A N R o e e e 3L L A s
e W e e e e e e e LT TR T e e e e e e e e Vi ek Xk A L AL L L PR N o oL L S s
Ty P L I o L N N ] w T i i [ N N A A A ) P L a a a 2 h
N N TN L N A o v e e U n N N A A PN N S N I v
P I I S L o L B SRl S e s w i Tl iy e N T o o o S ol o Sl S P o o o 1 i
P N N R I N N NN N i e N I N B el .
F e R g e e e e 2 e W e Ak iy iy Tl i e de e e e g 2T
e e e e e e e e e e kb L A e VR e e P T TR T o o P
I e e e e e N A N N NN e
o O O I L S T B L o L A o A A S S S Y e
Pl N N NN AN ! N N NN NN P
e e dr e e e e ey Pl g g P ™
W dr ke ek Fde e ke e L Wodr e d k de e b b U e e Ak da
o i e e e r e K ik aa L W A P N
s drodr dp dp de b O dr F . Sy dr dp dp dp dr dp dede Broa a drddra
i . PR kR kb ke P TR
. B S N N L] R St
B X i e i r 2 e
A o g ar A e
e A X i R
' rorr dodr o dp e ae k X r P e s
» 1"'1. w il iy e E ) Ak
. r Pl ol e 3 x ) "N
. iy r dr iy dp A . X 2 &y Pl o b b b oa oa k S
= e o i - o d kA - n N i i & I
P .r-............;..-...;..r Pl it * Fiaiiaft it .rl..-..l..-.l.....l.l. ....l..-. " ......l..-..l.....l......;. e e Ta de kA " s .r....r......l.}....}.b.l.l.l.l.}.l.l. l..-..l. ..-...;................-......._ e i Y
P N 2 a x PR o W P N................r.r... -l - R N ol ) )
Jodp M b b b b o= om o m de B M A A M M d de b b B ML MM koo na A de dedp o dp e e & ok ok k bl dpdp dede b b e B o o B ow B ma kA e dp gy e e 'y
dr iy S d d e b B b & & W i i i dp b dr dr Jr b e b b om o P S N W ] r w iy i dp Jr drdpdp e b dr O Or B de Or b oam omor . . om & & B dr Jdrodp dF ol O M &k
i iy A ! B e b Ak e el e d ol e A b b b dp e b Ak . - I dy ey Al ke b b b M e b om o m . T A e e el ™
Pl ; o R o N N N ] L o iy r P ey e e i e ke AT T R i i
aodd ; b dr O b dpde dr B drdr o dr b b & R r o ar b g dr o dede O drodp o de dr B b B om P e N M N
P N . bk O i b b dr g b b b b A a ' - s - b b ddr i b d bl g g b b b A a P N N N N ]
Pl . de b e dr dr e e e b drde bk kA . . B e e de dr iy k e dr g kb M aa . RN A M L M ]
B . T A e de i by g dr e ek k B r gl . A a e e g iy de b kM b T e R
P . . N Y o e e R S i e e T SN N NN P I . A
x i .r“l_.. P A A N » % e e i kT a . n T T i
¥ i rh ol - - B o dd e drdp drded bk om o i P S Rl S e S S A R rom & dp e de e dp o ol bk
r P A . X Ak kb kL i ¥ P W NN NN e ol Sl S oal e S
M Bk 3 X ¥ Py BN o X il A ad i ke b 4 aa Vom e e e de dr e
. Pl . a TR e i Fa Kk e g d ik d e kL I i S il
. ' ¥ X > Fong el PR u i A . X A W odra e O b A a
I i w Pl . S el i A N T R R R s el
i Sy drdr B h ar oy de de dp o dp . . P S S i dp dp i dr de b & & O b de o dp r U dr b g de dr & dr dr dp Jdr dp dp dp de drde O de dr o de dp i
. r e e . . NN AR e e e b e e P e e e e e i R e e
e e T L P e e e et o i Pt
B e e e . N . Lo N N ] NN NN N N P N A o o ]
> .:.E}......:..:..;..r.r.;..r.....r.;..r.r.rb.#.-...r....# E Ix . l?-. d " .r.-.......r.-...........r.....r.r.r......_.__ . r
" P e e e P e el Sl S K
Pttt : X _
s
NN ! et I NN R
" .
X e ae e i Pl ek ()
Tk ke P "k x E ke y TR
Pl el Pl ] A )
Lo P W T o
iy M T iy Mt e
R a3 2w T . dr dr i e e
S N N - Il S Say Sy S b S . B S S S g e i i B S ol v
- . R R P L N oy S SR PR A e T e R e o L N i . ol T P T
SN c o wde  ae d e iy e ok A ke bk aay a aom dde ko [ e S e e A e e e e O A N N N N N ] e A o ey PRSP N N N N ek d ko de bk s a aaom ow Ak [ e Sl S S A e b R S S S A A Sy R PR
S dp dp ol W . . . - a o dp e & e dp dp dp dp dp oy g dp il dpdp dp Jp b de b W dr dp & e e Jdr dr dp o W odr dr de dr dr e dp dp de dedr b bk kb de de dr Op o a a e L e a e Ml . . . . = o om b B A dp dp g gy oy e dp e g dp i de de b B om de de e dp de dr dr dp dp g o dp d Jp b Jp dr dp dr dr de de b B b b & Jr dr Je i
dr dp dp dp iy ap dp dp dp de el G de dp de dp dp dp dp e Jdp oy dp b G dr b b b & & dridr & e drodr o dedp dpoa r a2k & O W S dr e iy dp o o ar dp de'dr k& h dr e dp dp dp dp dp dp eyl O Wodp drdp de dr & dr b b dr Jp & de b dpdp o dp dpa d b o b kR kA
o N R N  a a  aa a a aS L T ) PR s P L I T I I P I I o L s
e p e i dp e de b e dr drdr dp e A dr iy dp P N T N o o o ] NN WA dp e e e e A e e e dr dp dp A i e d e dr e e bk ke ke e de ey e dr W
2y e e iy iy e e de e dp de oy e i iy ok dr dr A e ke e e e de e e A dp dp i a P N A I T o A s P i e e e g e e e de e e de g e a
e e e A e i B R eyl Sy S R e S Ry R bl d e b A de A b e b e g Ay e i O o e e e S A Sy B S e ey ey R R R e ey P drd de b M de b ke de de b e e A Ay
e A A A A A L A P I O ) . P L o L I O o I ot O o N N RN NN NN
& dr dr dp iy dp dp dp de de de de de de dp o dp e dp dp o dp o d Jrdrdp de de de drde dr de drde dr e de M dp o dp m dr dr dp iy g dp dp de de Sr d de de de e dp dp dp dp de ot Jrdrdpde & g drde drde dr de dr de dr de dp droa
B e e e RS S S Sy . o o S e S ey e e e e S s L oaTE e e N I o I T O o o [ o Sl S Sl S Sy S S S S S SR Sty e
P N N N I A N o ) b e dr de ey e A e ke dedr e e RN NS a ¥ W e e dp i e e de e e e a0y P NN ]
e e e N A o T N o A e o Py s s L ataaa aa a a L ae N N T o S s .lj.s..... B
N N R R R T B R N N R N N N [ Sl s o WP AN LN NN e e e T T e e e e e T T e T e e R A b e e e e e e e v e W r
[ ] L] l.r.r-r.r.r.r.f.'.r.r.r-' .T—..T.T-T.T.T.T.T E N I .T‘.—. . e Jr 4 M o L] .'..T.T .'.T.T E I L] (] F] - l.r.r.r.'.r.r.f.r.r.'.f.'.—..' .'.T.T .T.r.' .T.T.T E .'.T.T E N L)
] <" i e . . om o L A #rﬁ i i P i .r.-...r.....r.....r.-...r.....-........_ . ™ ._.-. v e e e * W o .
- ¥ bk moa . . . omom > i . Jod dp b de b e b e dp b b Jp & O dr Jp Jr - 1k - > '
] N IR NN ) i & i h kAR R e L a T e g b e e b - v L 3
. oS« . 5 . 2 % !
E k » ™ . '
\ . - . A e N , .
- o - o o Sy o v Ay iy X ue
! ; 3 et W A
g . - . X i A e b
- - o e ke bk b b e
] . - i e de b M A aa A
- - - A e b b b b omomoa o
] . . o S s
- - o a ok dr ke bk
[ . = . - il d b b & oa
- o - . Wk O ke M Nk
' et e T . .
- ' i drod - . om de b dr b droam Jp 4 dpodr dp O M - .
] [ & i i - -
M H- > n - o S iy . T x -
. a Xk N ) Y YRR - o W A
) O . i . - s
. o ar e - . . e 3
] L o " V. N S . . S N N T T T Al
¥ P L L O I I O I o o - W P L I I I Tt o o
] g ............ o .........-.. -.r.....-..........-.......................r.r.r.r.._ PP .....r.r.r.....r.........-...........-...... ~ - - . r.r.-..-...........-...........-.......r.r.r......_.__ PN .-...r.....r.....r.-...r.....-...........-.. . S e e e
4 * e e i P P P ' e e e A e e b A e e de e e e dp . " eyl A e ek b A e e e de e ey e oy
K o e e . e i e g e ke e e dp A ey iyl - o B A S o L v i de ke kA de kA
] i dr e e e ke e de de e e e O . S dr g e b b M A e e de de e e O by . - W dr e b ke e de b e e e de de e e M dp b NN IR R
* o D N R R N A . - . e N N N N
'] . Jrdrdrd kb M 0 S arap dr de e e o B e dr  dr dre de e dedp dp dp . B S Sl S S e S R Y . - e dp O dpde b b dr dr drdr de dr o de de dp dp e dp . . d dp e dpdrde b dr M b b A o 2k & Wl dd bk ko oa kom k
¥ = PR N A N N O N O O ) N N N N NN NN - W P S I L i e e e e e e b Wk N AN IR
] . A e 2 2 NI N N Mo A AL 2 Nt A RN - - R . T N N N A A AN A SRR Pt N N M
i) . T Ta E r E kR T T S e i i e S Y . T e i iy i i i i S ial it B iy ik &
: - PN N . e P i i ke ke de ke U e i de dr e dr i it i i g de dr dp e iy i e i de X i dr dr dr de - W N N e
[ . a b S b M b dr oA B oy el . e g drdrde dr de dr drde dedr de o dr Jdp dp dp dp e dp dp de e de o g Jdp dp de dp dp dp dp dp dr dr b b B . - o m drdr drdr drdr dr de dr o dr dr dp dr dp dp dp g dp dp de de de dp dp dp e dp dp de B dp dp de kb b B oa oam R T e e
- - o Sl Sy S Sy N o N R I N R I o o o o o o o o o o o L o o o o o o o A o B S - . R o o I T o o O T L i i R Sl g oy gy g iy e e A S A e e kA kk
] . NN N AN ] Ea e e e e e e e e e e e i e e e e e e e e e L b e e . . P e e e S e e e T e R g vl S S R R P e R e e )
- - P S S g S o oy o I S S i e e g g S e e N N N A R A R NN N e - o I e e e e e e g e e e T N N N N N AR AN N N N
] . P Sl Sl S S harial'y . AL Mt A e N e R R S R o e S Sl Sl e . - ok A de dede dr o de dede det e Ay o dp A e e e e dp dr iy iy dp e A dp e ke b M A e b A Ik kA e ey
- - P PN aa P I A L e NN RN PN - . A A A A A A A A P o,
[ . [ T S e T L dr i de A B U a B om dr drde drodr de dr dr o drx . iy e g e Jdp e dp dr o dr dr de dp dp g dp dp de b dp de dp o de dro O B o dr b g de O b M i oa m . - dp iy dp iy dp e dp e G e dp e dp i dp e dpode e de e de A R S S e T I
- = e e e N Kk O N N A T T N o T L  a o o o o L a R Saa a a N N N AN - W P L I L L Fe T
] . ok dede bk A B e R b e b e ek ke w iy dp dp g dp dp dp e de Be dp dp dp dp dp e B .ll._...r B dr b d ke d o om iy iy . . - < ap g iy dp e e de de de dp dp dp o dp de ok
- - X a de ke e e dr i e e iy e ey e dp i iy ek . P o A N ) . . - . W e e i iyl e e g e e a1
] . wr w w ua L N kb e N e N b AL N A N LR N Pt o NN IR . - v we i e e
[ “ l.....-...r.....r.._..r o e ...”.r”.r.r.r.r.._.r.._.__i N N L N NN AP B > N . - N N N e e b
] “ i R i e P i P iy i) et x N = " " : e i e e it it i e
- - d b & - r e A oa ok R S S R e e w iy iy e de a0 Y - a " Lk m b d d O b de b dr oAk R N
] . Fhaf el Pk ek e A b e e A e . - Pl ol dh m a e . Fn e E e ek ke b b Ak b e Ik odka A
- - Pl o N N ] - . Y ar u & N S R R RN A P i e
[ . I od ok . a2 m 'k b om kom koa oamd ol el Ak P de e de dehF . - e Sl St T S S e e o e - Jrode dr dr ko
- - B R S e o g R e i e Xk kW k - W P N N N NN o N = Pk ke ke "
] . W dr i dp e de ke k a ha o a dpd e e e W Foafroal ol oy . - e e d dp e e b de B bk b aa e dr e w a ke A b 'y
- - P o I T T T T o L o ) P s - . B N T T T o e e Ty
] . A e e e e T e i e e S . . e N S N T T T R L L aa P T e e a Ay
- - N N e NI N L B ) Pl . - v e R LA o e S T a T ey
[ . W dpdp dp dr g de M de b B b B b o - s dr o d o . - Sl dp dp dr M de e b B Mgk o S By iy Ak N R e ey
- - Wl Wy e e d de e e b b M b N B R e e oy - . L N L NN I e LA NN A k a e d o ki o a ... ey
] . S df dpdp dp dp de dr b b b b om de e Jrddp dpde b B dr dr b om 3 ® o L . Fory . L I i e e Y S o I ap oy ' - . o dr dpdp e deh dede dr dr o de de d m o an ey
- - Jd d i i dy Jp b e b bk N B s e dr ddpdr dr dr de & e O O dedr Or dp dr owroa oy - 4 ol ol e dp dr O b & A O o i dp i iy & a S0 s M i dr dp b b b b &k b de b Jp o dedp e a X i b b b A ok b k&
] . O L e S d e d e e b kA B e e e iy o Rk A e de e b bk a kL . .r.-..._........r.r.r.._.__.__.-“l i Ml " e T ke bk b M o aa kM e - 'k e bk b
- a W i i e i A e e de dr e dr B i i ke Py - J e e e e e aaaa - . P L N N X N . X a
[ . odp i dp dr de e b e b b O de o dr w dp i i b b b b & rax . wid b b dr dr Br dr b b dr kB dr b dp dr de B . . . S dp e de b g A & o dr e ol s [Pan it ' a e a
- - e e d b e g b b bl ko dr [ e S S S R S R A A Ay v ur o e e R e e e Y - i e dp dp e by O dede e e de i e e d -k . NN A AR N )
] . Wodr ar iy e e de de ke e dr e e bl A A e e kb M A amm m a k ded . i ke de g b de b b Ak N . 'y e e S A e il g e ) "k . drdp d A de de b bk momomm ak 5
- - ol b drde O Jr e dp O Or Jp o dp [ O i S S a a k& M d e - ko B odr b dr b e & O dr Bl O Jr B o Jr 0k a i a w Eodrodr d e dr b b b & & Ia
] . P A e e N o o bl il e e bk b Bk om mam hdpdr ik - R ek h aa . - e A e de b e e O e 2 a o e e S S A A A Y i
- - Ak d de de by de X NN AR E R NN N o NN A - w K i A d e b bk Ak P
[ . P S R S e S e W dpdp dpdr b b b b b omomomom O e dpode da s P I i St . - A a P o S Ty T i
- - oA e d ke ke ke de Ak N AR R E N NN o AN N ] - . bk o e o S Sy A R A R A Rl Sl b ™
] . a2k d b b b b dededp o deode Bk ey de de B b b M om b om om oa e dr e dp dp gy i a 2 oa a  ka ok . - . e s
- - L b S b dr b dr b dre de dr & O F Fodp i dr b be b kb b B b & & dr Jrodp dr dpode - A OE & a d i - . o w i
] . wdr M de b e e kA Mk Pl e de kM M amomm ade e g . RN N . - - X r
- - ol de d o d b b Jp & Pde O Jp dr Jr Jr b kM Jr dp de Jp o dp dp B a - P A S S ety - . . . i
[ . b b b b dr & Jr 4 dr r 'l O b e b ko m & d Jp e Jpode dp oy dp o . dr e 2 h N N Nk A . - iy P
- - K b de b b e b TR R b e de M a kT o d by i e e RN N - o 'y i
] . T ke ke P A g g e e e ATk a . - P P
- - b dr dr e b e 0 K o dr O dr dp e dp dr dp ol a O T R S S i - - sy iy
] " el b bk A b ke k P e e S S Sy i e S A b L ekl b . . . WA a e
- i X b b A e b b A b d A e d ke k. x P e e e e A de el m e e e e de b dr i w4 - o W a . o
[ ey wdr b kb O bk Jrodrdedr de dedr dedr o dr ok s P S S - . - ok oa -
- - de kb kA b b bk ok ke g de ke ik e aa [l - . v X - i
] . N AN N ik o, i - v ENEn o
] . e e e e e U et 3P ¥ Ty ....h_ . - N N
[ “ .._..1..1L R .........r.....r.r.r o “ ....“... .-...... .r.._..r.-...r”.._ L l.._......-...........r........ . T .rH.... .-.......
s . L LN M o x x X L - e e - . PR SR
- - i S e P ¥ ™ X ar ke - . k. x -
] . e SN P ¥ iy PN ] . . Voaa * oy
- - P wd Joa a2 x X X B 4 Wl i a P ) - o r - i a
L . R .....-.......-..-..-..__ . 2 .....r.-...r .....r.-...........r l.i.l_.... N A .-...r.....r.....r.r.r . - - L ......_ K .-.......r.-...r l.....l.........r.__ & l.........__
] “ aw . w2 e n wa w a w a a er x el . " n.r.._.. e ¥
] “ i”.r. " .r.r. i e - ...............r.....r.....r”.r .rH.r .r”.__ ”....... . .........r”.r..... . Y .__H... Bt i .r.....r.r.r.....r.....r ...........-
[ ] ll & ”.' - L] .'“ - ‘b..'b-.'b..'b-.' .Tb-.r -Tb-.r .l-l-h .TH.'”-.—. ll lI " L] N - “. .b-b.b..'b..'b-.'*.' .'b-.'” ' ) .-.'.I.L
T “ e Hi . H - l.....r.....r.-...r.....rH.r.-...r”.r” ' l.-.......__ . .r.r”.r f . v sy - .....r.-...r.....r.....r”.r.....-..”.._ l.....-...__
] “ " .r..r. " Ta .._H.._.r. et .......rH.r.....r.....r Finsial .._......._ .__..”.r.r.._ ' . T TaTe LTy ....H.._.._ ' .._......._
] “ Ta e e .__.__..._i.r.__.r.__.rH.... " . Ty .r.-...r.....r.....r”...”. -.......... . .._..r.._..._.__.r ' . 1 ._..r.-...........r.....r.-...r.r.r ) l.-......L N
] * T . r.r.rl. " l.-......r........;..r.;......._._. l}.....H x ......_.....l..rH.r.”..—. " v " r.”.r.;..-...;..r....r.r.-. ll.....“ i .r.;.....”.r.”..r...—. '
] “ " H ™ .....r.....r.............r.r._. l......_..._ . .r.._.....H.rH.r.”..r... ) " ’ Pl e . .1......_..__ . .r.....r”.r.”..r.... "
] . i “.-. hi " l”........r....r.r. . l......__ - .r.._.....”.r.__ .....”..r " " v .;..-...;..r....r.__ - ....... . .r.__.....”.r”.r... 1
] “ N ._Hn .”.__ ' et ......_..._ e .r”.r.r.r.”..r ' " * " q”........r - e i .rH.t”.t”.r.....__
] . it i R oy T e i ~ T W e P
. - - a s C T PN T A al - v . KT gk x  a e aa e A
' - ity " "ty e el i a ke - v ety . LT P O o i a ia i
- a . . . . - . i
L . i__._.r...... S .r.r.._..-..............-...r.ri.... ..........-.......r.r........-..r f .}..4#}.####?#?#&##}.?#» - . . . . . e S N . R .r.....-.._..r ) ..-...__.....-...........-.......r.-.._..rq.r1.r1.r-....._..r N
e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e TE P e P e A e e e e ke b [ s P T e e T At T S B P e e T S Dl P e S e e P S e e ™ PR e

g1 1-v| 1 senbid



US 11,339,122 B2

Sheet 12 of 20

May 24, 2022

U.S. Patent

"k

) e e ) B
0 s w d e a de e e iy i
L o x N Nl
i d i . N Wy e e e ar e 0y iy
o i i i F ok O N
. odr i Ak & rdrdrode drodp o dr de kB e
w dp i i a ka2 2 = oq ki ko dddde & &k
. ........__......_..._......._. rr........r.v.r.._..r....r..............................-.-.._i.._.__.r.r b
’ . .
r F - | o F o h o a b ok
N P NN

r i i b = r

a g A x ik rax

L A R I T T N T A A R

1.....-...-..._ .
.u..........._ i oo
Pl
! ....

1.T.T.T.r.f.'..f.r.f

A n aa ke d d kA
a2k bk h b d M Jodr
A aaa PP Rk koa
I __.............._.
a

»a

r -

L 0 0 B JERR N
A .
U LR M el N
-.-..._.”.._..__ lt.-..r.._..r.....v.r.._.__ a2 2 b oma b b kb b &

-

roi o
4
..r.rll!
2k R

o
ir g
¥

i
EE
LA
X &
Ir.T.r

[ ]
r

s I
- .

a kA .l.__l..r.__.r.._i.-...fI
2 a e o

PN N )

r b b b
ittty i

.1.._.._........4........
X i
Sttt .r......_..-..._......._........ s

....
....
l.

ARET

O A R

P R w a =g
i a .r”.r Figft f .....-1”
o e Lt

E Y .-........

Y N

) i i

2 e i .

e Ty Ty s 2 T T T "

i MRS .r......._.._.__.ru..........._......................................ﬂ. »
O ol N sl e aCal i

S b dedp dp drode bk B o de b dp o dr o dp dro
. o odr b ok dr ot
"a LN .r”l.”.......r ou .r.....r....r....r......”.v
.... wa oo .._.....hi ajatat N —_.....r.....r .r.....r.....r.....r.....-..“.._.
" i.-...r.....r.....r”.r”.—.
-n.r.-...T”.r.....r s
--r........ .-.......__....- .
. Jodoa kA ka
ndr b .
r ek i "k Wk

L]

B g N N N
o .r.r.r.r.r.....r.r.r.._..r.r.r.....r.r.r.........r.....r.-... s .r.r..............................._......-................r.r.- L
LR .r_.._.._.......__..............r.r.._.rb.r.r........................._.....r....-............r.r.-.rb.._.._.rn.r .

e ot P wh b b b b b dpd b dpdp dpodrd ik h !

. ko b d A b kb ok .
i o ......_..........r.....r.._..r o .._.....r.................._..........r.._.
F b b b b a0 Sdr ki kb e d ok F
L e S AL B
'
BN N ....r......_......r.....r ¥
. F hp bk b b & dod ok wa
N A e e ' ENEN r e CH
- . - a
r.-_.-....................r.....r ] .l.....t.....r................._.....-.....-..-. roa R b s s wrom
bl dp dp de b b & Jp Jp dr Jr Jdr Jr odr & . ror i dr d b b o o b M odp Jp o dpom b .
Jdp dp b b b & o Jp b drodr g drodr . r Fdr b b kb om m a h kh ko horoaa
Jrdp b o & b A e A .-.......... .o . Jdp Jp b b b bk oa k ok M om r oa
- - dr dr dr A A dp A . " wir dr oo & & h & m m a & J da ra
Y FEor L l..... - b Jrodre b h & &k &k B & Jrh & a r
S B ER R ' . e e N I NN N na
a " - - .
s .ri.-..-_.. . N N .........r.....r.............._..-..... o

i
X
I
i
X
¥
X,
iy
Y
X
e
K
e
B
e
X
Y
e
W
e
K
W

P o= oa h kM Ao

a kb de b b b . a L T R A U
» - R a T N LA W
- . ' - a v
» H... R e - .....r.vl."l L NN e e dede P o
» -.”i .;......;..r S .“.TH.r .rl.-.t.r”.-. .I.l.___ . l.._..rH.r.”..r... ) " 'a
- s 11....1....1 . et P e s, s "t
. s i . w e kA kb *a a de .
» e LR N . .r.r.....r.....r.....r.....r.r.r EA S
. e . -
» " e . L . N a .
. - et .ru.r. e l.r....r.;..r.;..r.._. r”. . .__.r.rH i
'y s s a - .....r......_......._ » . .__...r.__..r.._.__
. aa P e E X a r X . a a0 .
> a = N i » Lo e de ks .
. Wk i b s ka - kel F x ¥
X . - g e I
. r . . - R TN ]
> . - N ode e e e e - a
i " et " w TR ..1.1..1.1.._.1._1.1..1 A r o . a .r.._..T......_...._.._.. N

EIE A N

I-J-bbbbh-

s o .... .... Pl s s iy
Nt ) .rTl..rl......__......r.r.r.r.__..r....r........__..r....r.r

gt "
ra koa [ ....r.r.r.....r.....r.....r”.__.r X '
L N P f

o b b oS M b ok M ko i ki d ik N

E

- i
.l.—..—. I l - . l.fl.rl.r .r

a .
o .._......._.._.._..... et
N O S S Sl Sy i S
T e e i i S
.._..-..r.._......r.r.._.._.._.._.._..r.._......_

K ks h
.._.__.....r.._.._.._.._

__.r.....r P
mww"..ﬁumm
.
N L
- aa R N P 'y Py .r.v............}....}....}....}....}....}.. .

R o iyl ey e aa A

I dr e e e g ke b ke Bk
......H.q N N A A T N I AT
P A R iy

. ora m i dr b dp dr ke e @ i bk om h oa k A a ke ka
r o’ h b & F b irrh oa i r [N} .T.T.r.r.r.r.r.r.r E I A -
YR ..__.-. -......................_..............r...._..... .__.._.__nnnnn.__n.r.r.r........n
L & u ar i iy ik ....r.v.._.._.._.._.__.._.._.r.t.._.......n
Ak k& - ..-......._ w i oA e b & b b m kh oa & r o b odp o

Fdr ok r ar i . ar ok o S i ko b

2 a a . .._.........nn.._..._ ok b A oaa rdr i a

FU U i dp dp Jr . b b dr b & F = .

rh bk i T . FOF O - i
] r dr i dr dr i e >

oy rodp dr A e de dp dp dp .

Bar gy R i il - . . 4o

oy ..._..___.._.r.._..._..._..... . . =i

U ii-r.....r.r.._ r ¥ & b &

. A oa - ' v

" - a
......l.l..__ A aaa i.r.r.......

Jodr & b b & N
.-.l.l..._......__......r.r.r.r.._nn.._.._.r.r

i dr
LT -n.r.....v.r.r.....t........-..._..._.........v._... '

[ A

X b ke by m I N

e

w i O Jodp M & A

Fd b e b b
dr ok i a a
.T.T.l..'.r.f.r.r.r

-

1.........._1.._..-..._.................__ .._.._n.._n . NN N

x .........r.....r.....r Pt o it .r.....r.._.....

a o 3
1................................._.....__....._-.._ ...........r.... %, 3 D g .

¥
¥
X
¥
¥
X
¥

aaau Q wmtvw .r......_..r.r.t.r.__.._.._.r.r.r.v.r.t.r.r.._.....
. - s .r........ R et i
X .._.__.r.__.T.r.t.._..._. Fde b de de de dr de dp e 0 b dpdr
S A e e e Jrde Jo b deide drode dede de o dp e . [ T Sl S S R S i R Sl Sy
X ok ke de b B de dr de d de b moap M de de dp ki b b @b Jr b bk A m
A d dr dedr dr e dr B g dr A de dr e dp dp g e dr kb B A a a a F de e e ae iy a
X C o a ae Ca a  e aear Ti ay ar e ae ae i  ae Cap Ta are T a a k
..1....1|.r.r.r.r._1.r.r.r».__ e NE kS RE R aE ok 2 2E 20 bl
N el P A A RN A 2 N
N X bk ki P e S S S A
ol w a e e T
N o .H.rH.r .rH.r.”..__.”..r..t. NN s
4 l.............__..-...__......._..r o .r.;.....l.....l..-..l.....l - . L il
N F S S e S R e e e ol T R a ke a Xk bk
R .t.r.__.r.__.._l.._.._.r.T.....t.r.t.-...;............l.l.l.l! u" --ht....t.-...;.....l........r i b b ok ok d ik oa k .1......1..1..1....._1..1
. 11”.-..........._...........1._1.__._1.._..1._1 E LIl e . CERE A . el i eal it
4 .;..rl..r....r....r....r > .r.rl. .-..i.r it N " -.......l..-......r L kM oa
X r gy - aa o S S S A A Y
Pttt .r.r.a.i.t.-._ e " .T............r.-...!.r.._.._.._.._l.__l.__ P
. S S it L a - P iy iy i iy i )
X e - R NN ol
r .'.T.r.f.'.r.'.r.r 11.'.. r ll Tll.'..'.'..'.'-.'.'..'.'..'.'-b..'.b-. "
o "t ' A NN M
X a P e wap ae i ae -a
ala o - L ...Il.rl..... I.T. L
4 ¥ LA . .r.r.r.r o .r 1.ll-_ rh
. t.....-..r.._ e s .r”.t ..1” e e
. 1.....__...._1.__...1 T it .r”.r T S
4 . r .__.”... e L .r”. et
4 e . .”......_ e " t........._..r.......”.._ s
. . - woa R .....r.....r.....r.._ H.__. S
4 e l-l l.._.__ r oy i . .__..r.r.”.r....._.;.
. - .;..r....-......_ "y . T
X s ok s P
" h o af tylrs w i i de ke ik
X - & For b b b de dede dr A e
- o r - M o
-
-
. a e a
T
T
el
r A R A I I
AL . ....._ .;..._ ...........r.;..r.r.__ ....r.ri P
4 . .k i i
. oa e Pl A
- ey i & dr b Ak kO k
e ra . Pl
o .r.-... l.-......-.. . S N e
o ¥ wodaoa P ™
o e dr e de - = b A &
ot [ e A S e S Y
ot W dr bk ki b Ak
F ) w b h b a2 u i h o hoa = B
X e d xue
o .._.._.........-..i
o X 2 .....__.._......r.._..r.....r.....r.....r T
P I Rl v )
i & Ta i ™ a2 ki h
x .__..........._.......... N
ra ar o dr e - I P NN
o Pl T ] NN
ko .r.r.r.r.............r........ . .r.r.r.r.v.r.r.rn-.._.__.._.__.r.._.v.__n
r l..-...;......._.rl.rl.r .r”.r.;.........r”.r”.._ .r”.._ g ....r.;..r L s kM A N A
H........TH.......&.....T .r.....t”.._.._n.r.t”.__ o e e A I
s .rH.r.....rH.r.._..r.._n o . . RN .._
iy Mt . . s .r.;..-...;..... "
y k J . S
I a A ¥ . - a o
Ea wlur P
P o r X .
P . X P
e ¥ .rH.__
- .
ae
T
Ak ks
o b b M .rb.rb.'*\
.....-.l..........._..._..r AW A W
a g dedp dra ap ol dp ol dp g W e e i

N N
PN M 0 A A MR 2 N
A dr & de b drode o dp o A R

R R N
L N e
e e
LA
= dr dr dp dp dr e & & &K
T e s
e a .

................r“n.rn.._... SRR .............._ .....r.r.r”.r”.r.r...”r“....“....”.r”.r”.r”.r”...“.r“.r.....—....-
......_......r PN N .r.....r......_......._. ot .r......_. 2k a e,

Ve Ty Ty v
Pl o T
W R e u e e e e

o T e e o o o o e
. .r Srd g dp Ay e .r.r.r....r....-......r........;..-..}......—_.r

i T e P e T P P

ok Ak k d . g dp A

tat .r.....r.....r.....r.....r.........-.....

i dr dr b &k om O J dr b b dr AR D e omoa

L] l.r.r.rl.r.r.r.r.fl I.I.T E N e . ‘. For - .T.T.' oA .'.T.T .I-L l.Tl.Tl.fl.Tl.rl
' CE o * - St N ' ........ Bt N N .__.........._1..1.._.._.._.._.._..1..1..1.._
a - R e e i i S wlp dr de e b b b & U oa dr &
2 N .........r.__.__.r... S S S S ey b kb bk h Ak oa ke d
h ~ iy b b b b b . -.r.r.'.'.'.'.:..—. widr b b b b b b o .
- i e b & L omom o d ok Ak Ik &k Sk a2 kA Ak om
ﬁ. ] i b A M oaoa Wk h ko b M Mk el YRR
a ] b b A oa om e F s = & 2 = 2 2 = & Jood a
- = LI R R R R ) I R R T R R R R RN R A N e
. s Ak ke e kM b o2 ks ka s aa 2
L] a ..__... moa b oM dr d A e & P o
E’. T ¥ k4 & &k} “M ' .r.-......_..........ii A om xk ........ 'y r .ri.n.r.....r.r.r.....r.r.r.r.r.__.._ .li..r..r-.r-......_......__......_.r.__.__n.__i.__nqn -
. N VA Ak B e i e o [ e T 1 .
™ > ¥ Il. e e hp e e Wk e e e S e N N "
. T it Pt e e e e e e Ak e bk b bk omoa
. ¥ Wy d e e d de dp b dr w i  a e a waTaa '
N -1.r.r.r.....r.r.._.-...r.r.._.....r.r.r.....r.....r.-...r.r.r.........-...._ ......-...__r.rb.}.}.#}.l.}.#}.##.r.r#}.##.r.rb.rb.__i.__ii .
x "a e o Ta T e e g g Vaae e T wa wa
™ L omoadd b od Aok d U O Jp dp dp dp e Jdp e Jr dp dp dp dp dp Jo df dp A b b oam '
R e u - dr dedp i dp dp e & dp i dp e dp b dp b b M Mk mom ow b B ke ke de il t N aTa e .
i Ak oad A dp A A b . R L LA NN L A IS N I NE I Jod Jpod Jpodp . = om0k d A doa
LRGN N }.}.}.}.lb.}.#}.#l..r....r.r.r...#}.l.}.#.r}.—_.r Foa ok ) ....I_....l.r...........r.;..r.._ihi.._i.._.._.__.._.—_.._ »
r 1-.;..........1..1.... w oy iy dp e dp e de b de B o Jrde drd koM om omomor
™ Nk k& . dp W e e de de B - > b b kb b & b o2
. i i dede & kb b oaoa
. - a RN x o N K] . i 2 ar
Y ANy x T e T N T e v Tttt
-.-_.-._n-_l.l.-. - Srdp dp de de dr B bk 0 om Jdp dp dp e W - P T.t.T.t...n.r.
. x A I M M 1 TR X K
¥ L A T N a3 a3 N N N N N R "
i i S bk de de dp e X x N . L e ' d b de b b B b, b m m a = a a &
x B i Sl . P e i i A A o™ b i b dr dr d Jo hom BN M M My . 2k
- S dp b b b om b omomoa M dpod - a ka4 a A K
™ a o e At ) Lk drd o Mk
= R AL NI e M KX SRR A
x ll. T}..'.”-.T.'.T.'.'.'l.'.r.rl.rl.'.'.'.' l.'.r.'.r.'.'b.n
x - e a e n.._.._.r.__.r.r.._......._..._. .
% B R R
a . . .
e . - > iy P X aru
. . . .
o, * .__ln - .-..-”.TII“-. \H.t............._.._.
r .r.r. a . .._.r.r.....I.-..r .r...._._. A s .r”.r.....
) T .r..ru __ii. ! .H.r .r”.r.._..r”.r.-..r.—-_.._. .P.r.”..r....
r -Hi . i . .r”-. .r.l“.._
¥ ' " r H.r.....r.....r.....r”.__ B
x ll.a.r .T.J..T.J..'.J-.r
. H .-...t.r N .....TH.!H.._.
. . .
[
. x e et i - aa
wa s e ey aw
EE N NE R A A I B N T R R R N R R A N R R LI L .rr.._.rrrrrrrrrr RN L P

N L-YZ L s8Unbid



US 11,339,122 B2

Sheet 13 of 20

May 24, 2022

U.S. Patent

B S S e e N TN TR S el

a ............T.....................r.r.r.....r.....r....r.r.r.....r.r.r.- P

b .._..;.......l........__........r._......;..v....r....t.rk....r.rb P a .-..__..._......
e T e e a a e aa a e a a ae ke
iy i A e A .r.r.r.r.r.._.rl.__n-.__n.._i.r.r.._..r.._..r....__...__.._ ..._..__..-.._....1.... s
'l-'*l-l-**r.l.r.l.r.'.'.'-.'-}-.rh I..'-H*—.'—.
.
P
.__......-.. L}
i L oaaomoa

ok kN kK d X ko a Y

X X
r - F e e e e e e e e e R e
. .._..;.....l.tl..-.. * lb.}.l.}.l.}.l..:...........r...##.rb..rb..r.t.r#b L,
Nl e e e a e kb e aa  a a
. "k - L NN NN l.__n.._n.....r.r.t.....v......_..._.n.._.
- e - 1....1..-..-.........._......._1....._1.._..__.....__ - ok ok dh &
r x o d a o d e dr b b om m A P S S S e
- R s s a b dr S drodp dr ok oa
R S e i Sl S S ok da - [ Tl i i i e
. N NN N NN ......_1......1......_ o R o nq.T.r.._........l..._.__l.
- . .:..'..:..T.l..fb..fb..fb-.f & .T*.T*l oA .Tb Y . i }-I Y
L P * ...;.r.;..r”....”.r.;..-..b..r...........r .r.r...“... -....r”.r.;..-.. -”.... "
& .Tb - .T*H*”*”*b.*n [ ] T.”.b..'-*.'.*.'.*.'.* *.Tb “ ] T*H* *.'.b. T”I .'-I
e e -t -.............r”.r.............r .r.T....P. o .r”.r” i....._...
CRCRE N N . L .”.._......-
RS B l._..........n
S N N N N NN NSO P
ar e a T e a T a a a Ta a T a  aa  w a  . Koxoa - kT O ol
e e e E e o o L el el S Pl T BN Al et Pl
B e e e N N N NN NN NN Xk o S T . N ) Pl
e e e e e . Fd & o dr d r e dr e e dr g ey b Ao o e el [l St
e Xk e e T e e e T e R Bl e
Fr ol r e e . Figr I a e A . - r S S S e Sy . a i PR S e i i e Ak ko h
rate N ol _ N o N AN N T TN L W AT T T
e s e e e ae ey B v e e el o R N Al el el an . 2T T
R X a o ettt 'y L PP B L L A S Sl Sl ol
rate 'y w T e T T e T ur O L L N B A A A N N AN N
N ) ol T e e a e T e * A al a a NI Al T w T e T T T e e ata aT  e
Tale vk . T T T T T T T T A A w AT e i e e e e e e bl e T e e e
ol RN P TR o e sl atal ol B T AL A A i aal A A N A N R
™ . - . Srodr dpdp dr s ar de dr de dr de dp dr e B Ok [ " S I S B il iy oy e e e ol e dp dp dp de dpde dr Jr ko om b & Or & B .
N RN NN W Ta T e aa a k a a K ke & P e N N N NN RN RN AN
[l e P A e e e . ......_......._..__ e r.r............_..._..._..r.....v.r.._ ...t.r.v.....r.r.t.._..v.._..._..__ aa .....r ) K ql.....-..-..-....l..-..-.l..-....l............_....l..-.
[ T .1....._..1.._...-..__ " i i i ok d kb b de b do deom b doa s *
[ St . . a2 a h A a S adr A dr dr dr dr Jp Jp dr b b dr k. a
P S S P N T iy iy . b b M b dr bl ko bl oo orom
ol N A I e P N T R
P P S e T S S iy i i a . . Pl T S S T el S S Sl ey o
[ S Sy v odp iy e e dr dp o dp dp A a ok r .. . . P S e e S . P
2 a e P e e e i S e e o a > . i S S i s [ in Mo Fiu
e aw . v T T Ty O * N L N P
e m ap A dp drar e dp e dp e rodp iy el o * b odrd b row i . a o d My d hoa
s N A B AT . X "k Kk PR . o
P P S ] w iy e a r o d e ode ' ur iy i a
e e T A T T x el o N T o o Far
Sy [T P T T Sl S [ i i X ra ok A [l inlrie ey w dp i W a2
Kaa - r P ; N N L T uw *a
. - Fdrd A ox - Sodr e dp dp e s rodp i ek o
Eeaa . X TN X e T Ta e ae e T e e e Tae 2%
e e i N N el SR ol a e
e a e . vixx O T s
i T S . i P e O e T e e e i Pt
P S A e amom A oaa L oaoa M hoa o o dr i P e e N I W} X A .
[ S . P R e S S T T N T o dea oo dp dr dp e dp dp dp dp o dp dp e
.. . . P R A A Sl S il a kA dr Sl i B e e e e e e i i Figry
[al S iy Ve ok Ak o P [l P odr ar e de dp dr dr A dr i dr i
a Xk kX W odr o4 - . ar dr b dr Jr o dp dp dr oy dp e de iy * boa
R Sa i . bk o a FF O F e adr o de kb da " & .
et i m oaoa om om X o
& ik omomom - . i s
- - i i
et - P
fataTa Pl
N - Pl
et el
Gttt = e
" Tt tu Pl
o o ar F
”.._.”...”....”...._.. ”.rn.r....__ iy - ....H...H...H...H......n....H...H...”...H...”...”...H...H....... ..._.._..“..r. - __.._.h..H#H&H;H..H&H..H...H&H&Hﬂ&...
sl el T T e g i g T i Ty N w i i e e
e Xk T e T e e e roxr T . L A N N LN
W aa ' a s e T ae Ty i e ar e T e i Al ol N el s atalals
. o | ] [ ] [ & A [ o F
N A o P e e e e N I R N L ML N L M I A N L N Ll Ml MLl L
e e w e e W e e e e e e e e e e e e T
N N A s e e e e H e e e e
e T T Wl T e e e T T e T T T T T P e el
S e R P o Bl T e T e e
N N o N o o T L A L a
r o A g . i s P S el S i o R S S S S R A e e i
r oK o w ......r.-.......__.-... -h.r__.....r.-..__l.r.-.....l..........-..........l..rtb.r.r.r.r.r.—.......rr S e dr O e b dr Or Or & o B a2
et S I I T o o e s

iy i i o e e M w pay
oy “....._. PO
Sy e e e e e e e
Sl e e i e ik e

Lk b Mk d bk Mk h kb s

Y
mr m omoam kA kA ds i bk oaod h .

S xx ey

P Pl N
q....._......q....q._....q....__. X e e
xaa a P R
a e ko k A kR e drd d A
X T T T ar i i T ur
[ R T S dpodr iy de o a &
w e T . v
e e Pl Pl
e ey . LN AN
2 et » ol . Sl s
“a x . P o
a"a - ey - e o
- s . ol el
atat xdr wYarur oy
Tt "y : e *aa et
S w it e warar Pl
. P Kk e ek ke Pl . oy
" T e A Tt - - i i
v W e ek T T ey e . . L. P e
a e  awa a  a a  Taa  Ta Ta ae .....mw... ¥ W e T T
s dr dr de bk om de o de de e dp o de dp dp dp e de g oa A e dr dr de dp i dp i i
L e R A T e e S i F iy e e e T e e S S S S ' . ar Figirh i i
Jodp dp e de b b om om dede deodp o de dp o de dp o dp ok Jd o dpde b b b dr de de o de b 1 - s
. rdr b dr b & dr Jp b Jpode Jp o de dp bl w i dr i dr Jr dr 0 O Jr O O dp r i ' oy s r i 4
P A e S S A S S S R S S o drdrd dr b b de dr b e A W \ P s X i
W e X e a ar e N R ax a ot i i e e e ar
L .....r.r.............__ L .r.r.r.r.....r.r.r.....r.....r.....r.-...... ) .........-.......... RPN .r.r.r.r.....r.r.r.-...._ e - .....-...........-.......r .r......_ e .....-...r.r.-...r
I dr o dr o dr O dr e dr 0 0 W J.b-b.b - b & b & oS F 1'1*}-}.’.}-&.**#****
.

F i r & E
1.:..T r .T.'..T.:..T.'..T.:..T.:..Tb..f

X

X
- dr i ....H.... .r.r.r.....r.............r.....r.....r.....r.....r i

.r X
L e )

P d A ke ke oa Fodr g dp A d O e e dp de dp
I I a * ¥
e " oty ..1......1......1......1......_.._... !

Sa ok kX X

e b bbb A0

.m._m.._u"q a

.
‘.
- -
. 1.1....1....!.1”.1”...
i 1.r”.r”.r”.r.__..r....—. .-..-.“...
r -
et Pl Pl s
xx w T T e
. I W e Ty Pl o a3
e . LT T P ]
LT Ty e e o
. i N s A e
o O T Tl S g e ety P A a e R A S i) R e e
L e A R o S S o o S L S T S e A I i i Sy i R e o o .
o e e S S Sl T i Sy 4 s P i S e e Y W A ap A i P S P St
[ S S S e e N S e . v T i e i i i e P I I I TN A L
.. Pk e b bk om J k Mk M ke de a0 i Ba M M o o % = a M dem de e ey iy i dp e e s Jr g b de O 4 M m b de b b de i ik A N N
LI I P Ly e . e gt ol e N T N Rl o s e T ey e e e e e e S N
N A A T N Ny YT x [ S S e S S S S S S o ) o A e e R e i e S i oy o e A A e S S i S ey o S S A S
B O S o o S Sp S RSt S S R S S S By g g Bl g S S S B R S S S S S g Ry o S i A F e o S ooy e N R Sl iy e g iy i Y g Sl vl S S R R S S R R S i iy g ol e R R A A
1 N NN N NN NN NN N NN NN e e e e e e e e e e U Ve w e S e e U e e e e U e U U U e e e e A e e i e e e e e e e ey e ek aa
1 P T T i S S b i e U i e el Wk ke ke b b O b ke ke ke ke ke kA ' i T T e S U T e T T Bt O D - o e o o S S S S Sa e ey o Sl e o e e e S e S S e el S o R S S S iy
B R g g g g Fr o a a a a a e k  a . P e o o e e A e g e o
' 1 I I o o o Sl I Sl S S e B T Sl S e e i S S Ry Sy Sy e O e e S S A S S S Sa e el [ e e e e e e e S e e o S Y o e S e e S S R e .
R A R g B g R Ry g g N Ny B B S S ey e S R S N Sy g Sy Y B aa ke e a  aT A .
1 W T e e e e e e e e > u e e e e e e e e e . Cg e U U e e e e e e e e e U U e e e e e )
1 TS o e - e e ataE - A e e e e e e B i i S R i P e e S S Ry a
1 o .r.:..r.;..r.;..r.;............ R N ........-..H.....”..._.;. .r.r”.r.r.r.r.r.r.r”.r .rH.r”.r.;..r”. . ) T ...._.r.r....r .r.;..r.;..r........;..r.;. .
1 --.r.;..r.:..r.;..r.;..-...;..._.... ) - - r Pl Pt N e . . L
[ e e S Sy i ' T S S i S S . y
X w e r LR . ke d ki
1 R - = e S i e - ) l.r.;..r.;.........r....-.............rl..-..l.......
i it [ T T A e e e S S S . Fonloalrige
1 i ke A a 2 kA k kA . X da . o
o Sl S S A S ] ke d
1 * - P e i
WKk u Sl
1 X x - Pl S S Sy e e i i
. Ty e e a [ Wk k ks
1 P . - a . ke e
Ty e sk [ Wk
™ . - a4 - A b A oaa
g A kA e ] - »
v . . R o
Hl ......__......“.._ R e v . o N .
- Lo . .
* Py » . . .
. Pl B e Y r “ra " . [ - . A kT
W e ettt e S K] P e _ o o P i
- Bl e dp e e b e e e e e i i 0 s o r o . X dr O b ek ke A a0 P N N N N s
. P I N L e e e e e el g s Ay 4 P N N N N T o
. O S S S e S S Pk de de b bk R e kel de a0k ik aTn - B e e o S S R e e e e e o e e Sl S A O T e o e e A T T e e S o o o
S N . O Ty u . P o I o o e e S tprap e g ¥
S e e e e e e e e e e e e e n A e b e e e e e IR NN . e e . bR e e e e e w e e e b e e e e b e e e W e e e e KA
11.._..r”.r”.r....r”.._.r.r.r.r.r.r.r.r.r.r.r.r.r . ey e T e e T e T RN n.._.._.r.._.r.r.r............._i. ) axs . B N N e T e e e e e Ty W e, . -
" e ot T e e e e e e e e it et ) Tr st . e e e e e e e T e BT T St
T e Ty e a  a w a w  a N N R NN el e sl u DR N N N e o
P St S S S S S e P e e S e e S S S S o oY R S e e S S e e I WU T S vt i o PR - R S O e R e e S e A e S e e S S O N N e N
Sl Sl Sl Sl i S O S e e St e Ol o o et oy b e e A RO Sl g Sy Ry g Y [ e S e e S e e o S T S S o S iy iy
L Pl e e e e e e e e e e e ar dr ek B A e e d e dp i dr de dr i M M m m m a g dr de e e e i . B dr e dede dr de e e e e e e 0 e e dp e e e e dp e e e e p i dr g b
e B e e I o S S T ol g o Sl S o S ol g e S Sy e R Sl S S e S S S Sl g 4 e e e il S iy
P e S S S S T S S Sy S R e T T o e S S R A S e e S S S S S - m kel dede de e e e e e Bl dr dp dp dp dp e e B dp e e dp dp e e b e b b b m
o ol ) D e g A g g i e gl o A I u . e Ny T g g Sl S S g S Sl g e Sy R e A
S w e e e W e g e e e e o e e e e . Wy e e w e e e e Ty e o e e e e e e ey e b S
l.....r.t.!.r.r.r.._.l e e a e e e e  a  aa  u a e a ' . P e e w u  w Iy i i T e Ty e i i e e e e q.r.t.T.r.r.T......hn. .
.u..........r....rn.r.r.... . ...u......n......H..1 .rH.r Rl .......r.......................r...........r.r.._.._...r.rn.r..........r..........r............w. K r.r....._.....r.r.._w.._”. -....r...H x ” ..4.._..................._...........................r.. .r.................._.H....”..r.... e
sy N o e e : oo P e gy e e e e
il el Sl o ' F o o e S SR S Sy i S Al T . X bk X ¥ F o i e iy i e e e ek #t
ittt a - [ et ot . ol o S S S P S
oo e S St NN S e . X d X & O . ar . gy A A
Pk e e N N N ke e M ke r X K » oy
LR el omoadrodr kb M J R W Fapogr . . P x & i ¥ i
Pl ol A R S S e A Sl ot - Pl Py Sl i s
& i PR i S A S e e e Y ] ity Syt . k- o S A S S
ik 1 . m omd ke k a k  k aa d i N r P d A d aar e dr O b M A A A aa ik g
iy i ol ke ke ke b bk M ke R e S A i i S a4 . o e e e ey Syl Cy S A Y ..r.r.._..-I.l......_.r
o e e e S S S A A v v e e [ S S S i i il ey - o o W )
W de it i e e b de A dr e i i X X dr d b d kA Ak . . . P i " i gt
g o T T S S St R e A i | P Sl Sl S e S - e Sl S S S A S Y
e N N N NN o S S S S S iy N o T e A e S T Sy R A e T vy oy e S S S A A e

e )

N N )

r;#&##ttbubbut.-" S ey ey e k.

™
Eal)

M N N N ol )
i

b b kil ki gkl il il il il ikl ik idiii ik il i i

N e . L e . N o A ek b r e M N e A R S e
1.1#.4.-..-..._...................1......1 ek .........r .r.-..-.!”“ y s R .....-...........-...........-...._..r L b b b omoa kA A .r.....r........l.-. a .1.....-....1 e T T T o ) . .r.-..-......-...........-...........r & i.-...r....'.....r.-_. . T e et P e i oI o
S dp i b dr de b 4 b b dr Jp o b dp Jp . ) Wd b dp de b b de 4k om kA kM n kA N b b b drode b 4 & . S i i i b b dp b o e b B X i odp b e b b dp A U0 M
R M AT BE SN o N L - A A R A T FE NN R RN A N L e e e W WA r RN NN NN LN 3 e e e e b b
R et Mt . - v kdp dp dr b de b L A m N b e de b b M 4 A a . B i T ) X de ke de de b de & A
S i dr b e b A b dr dr & Jp b b b 4 a . . . X W dr b & dp Ak ke
' I i S wd Jpode dede bo B b & r X . ke el B N A
Sl i dr b e de M Mk b b b b b 4 M 4 . . i wid b b b b & a
T L N l........t.-...;......t........rk.r.._.._.._.._.._.__l " " o drdp dp de dr oo b & b A & e O Jp o Jp dp dp B ........l ...........-...T.....t.....t.r.!.r.._.r.._.._l.._l-..
B i i . Nk de dpode b b A oam r - . Pl de de b b bk oa k oa k A de dp e ik X 4 wke de e o b bk aom
L i . ar dpdp dp i de b b M . o a4 rdr b Jp Jr Jr b kb & om Jp o dp dp Jp dp dp dp ok g Jod i de b b A .
rddd b b b om homoa k > oa o o S - o "= r o d h b b b om oam dode dedr de dp dpodp a s A i de M b & -
Plrde b de b b M M Mk X o dr i e de b b kA . X . a r ir i dpdp i b e b om
rdrd Jrd e & b oa Jdr - i i M b b b oa a r a7 = oy Wodpdp 0k M A M omoa
a2 PP R W kM N b X X S dp Jp e e & b omoa o r om ok & & O Jodp dr . ™ " a ir S dp dr b b 4 & 2 = oax o= h & & M Jodp Bk ok & .
a T e xR ey w i dp dp dr de b Joom a momomoa kI ik . oy . el P o o e g i
oa ar & dp X b de Jr dr O e U & 0r O Op Jp p Oy Jp dp & . o . i . e T T e e e e i ow & a
o > i o » ST T T T e e T r o a o K d da m & a
o X ik & X i . Pk " a i r R F A
s x o 3 - L . o L TR
.__...... i............r.r.r » " ok e X T e e Pl
ey Eaar s o . . s i X dr & i P X .
EREN ..r.r.r.r.....r.r.r.-...r.r.r.....r.-...r.....-.. o - PN n .....-... .........-...........-....1.....-..h 11........n
ll.Tl.-. E I I ] E r - N & J..T.'.J..J-.r L
o oa wd b & oo & b Jo X N0 r i a . rm i . e o Jp ik
L G v - Lt - Ly A NN NENE N L) S
.r.r.'. .T.T.'.J-.T .T.J..T .T.J..T .'.J-.T.'.r L l.rl r I.I.T.'. L] ..r .I..J..T.J..'H.T.J..TH.' .T.J..r ...J.b-.r I.J-.I..J..T”.r
...”.__ .“.r.r.r.;..r”.r....rH.r....r#.rH.r l.r.r. " .._L.r. - .._.._.r. - . .”.rH.r....rH.r .r”.r Pt .”.... .-.-..H.r '
‘e .._Hn IS .rH.r it .r”.r.._..r ..T.r“ ) 1-.1..1.“1. . n”.._ P .rH.r .r.....r“..__. .._..._. .-.._..._.._
Il.r.THI b.b-”.' .Tb..'b..'b-.' .T”.—._ o ..H.T.r.r T.TL II ) r .IH.-. H.l.b-.'b..'b..' .T”.Tb..' 'b-l.l .'l-.'.—.—.
..._..1...1. o .r.....t.....r.....t.._..r”k rla \H.._.._.__ ] - "u .t..r. Pl fialto i ._1”. .1........| . ._1”.._.”.»
a H......_..r.....r.....r.....r.....r.._. . - ....H.__.'.._ i . “a 1.r.....r.............r.._.....”.__ a L i
r - - Hl .I-.J..'.J-.T.J..l..:..'”.' .T.J..r o h .T.J..'H.T F 1 1l - L] ”.r - '.J-.I..J.b-.:..'*.'.'n T}..l L] .l..a .T....T”.'.”-.r o
" - N .T.LT . ‘.J-.'.'.T.J..'.T*.T.T.r ' T.'.J - .J-.. .J.H.J.”.T*.r r 1 II r r o= ”l .T.T.'.J-*.'.T.r " 1* ' .J... .T*.J-”.'.”.T*
a .”.........r.....r......_.._. 1......1.._. . .r.....r”.r”.r. ' » . " .r“n ......_..............r.._ oty .._....1..1.._...1”..1.”...1....1 A
i r.........-...r......_ .-...... .._-.r.-...r.....r......_ s . = e 1.1.._..-...._.._1 |.....-..- - T, ._.....-..r
ron g ok b & X & PR A X . - S i s > N N
- a X dr ar ) ) r .o x . P a A b A dd - L
- X & [ I iy . - a ko i Wi W Sk - i d de A N . R Y
" ke ey X RPN » . . a P ] [P S S PRI S T
ka i ar W ¥ P Tl 3 P . . N N o iy i e
. r.............-.l........ l.r..... ..-...........r.........__.r » ......-.......r. r CRC A rr.-......-...........-...r.....-.........-.. ..........__.-...r.....r.....r.__.__ r ..-...........-...........r.....r.r_..r—..r__.-...r.... oy
T P e i a . S x s P e e S o PSP S e
a b oa i ko . . A d b b . om o oa . .. ™ . . - . . . -
a D g P B el s i i e r
NP NP S NP NP N NP NP SR NP NP SR NE NP NP NP NP NP NP NP NP NE NP NP NP NP N NE NP N NP N N N N a & oa L L A S N S S S O L L L I o & g dr i Sp SR NP N R NP N R NP N SR MR N SR NP N R MR NR NE NP N R NP N MR NP N MR MR N NN N .
a aoa e dr dp de dr de de de e dr dp de de o B T e e e e S S Y
a ka VR R b e b b M ke Bk A dr e g e de B R R e e A
a koa R R R s ya . ap A aaF
- M oa o o i b ¥

qaeL-yel saunbid



US 11,339,122 B2

Sheet 14 of 20

May 24, 2022

U.S. Patent

punodwios]

; " : . .
..___ oA . . )
b St T - o 2 o -
5 s e . '] .
a o S - St - - -
p e
Sy ! 'R h a B
* e " s M " K Pt
"..l "-"'"l ' ' .I.I.l.l.l.l.l.l.l.l.l.l. I.I.I.I.l.l.l.l.l.l.l.l.l l.I.I.l.l.l.l.l.l.l.l.l.l.'h .I.l.l.l.l.l.l.l.l.l.l.l. l.I.I-I.I.I-l.I.I-l.I.I.‘.”I.I.l.l.l.l.l.l.l.l.l.l.l .l.l.l.l.l.l.l.l.l.l.-.-
" L "
S
Hﬂlﬂﬂl
el

A o
ol ol b M o b koA
e e T
A
O I ol e N S o ol S
B i o N
D o ey ina S
I e i i i e ey e e e
A i e e e

'y F o P I S el g e

k. P e S S L T il v S Y
o e a n
”.._.H._. ............._..l.-..-..-..-..-.tt....“.. L .r.......r......_......v._...r._...q '
]
.

- kb

._i..._ .

-_l.__....h

_.-_..__._

.....tH....

¥

Al

-

[ ]
. ..l o - = lul -
T....-.r.tﬂ.r”}.”}.d..-.i. * f 1 TCtTCTtTfTtTrtTrrTTTrTETEEETEEEE Ty 1 ” l"_ . 1. m_'. w . . % ]
. : L3 i R W . laleu
' . i - k. - r
. . g
.. ' ' ” .J_n v._J.l.
o an"n“n"n“nﬂax y : ) A ) 1 )
R R R X ' . ._.“.m [
xR R KA AR AN r ¥
. ol R {
N T . = by
L 0 - . ¥
I, N _f 0
A . ¥
nnnnxnxxxxxxxxxxuxxﬂuxnjn”n”ﬁn”n”n : . .
N KK A KK .
" anjnnnjnjnmnxnxnrurnun-l alxnrarn”nr. r
ALK e K ) - x . -.W
! - . ¥
X » "n" - . LA
el i "- .
L. ] [ . ll n
- o _ _ - b .
- W W . - ,
f. ) | o ' i.
. ke A . LN ' e
o~ . ) G _ :
< a e K, . u, .
Fouy, . .
AN R A . -
anﬂnnnu : . a Ay
e . ¥ " M
.-l H“l" f -...ﬂ- “ ....”.Iluu ﬁ " .rEl.q..... e a -.l_.l..l.-.?
o ” : :
AR KR R K A . .ﬁ
. e r -a
“v.x._“r.. o, ....._W.F -
. e _wn___. .
' L”.l rTo. I r
o - 1 ' ” . '
-u r " ) ' . 1
ALKl r .IH r '
& . . - et " aan .
-~ L N . % o4 - .

avl-vii se.nbi



US 11,339,122 B2

Sheet 15 of 20

May 24, 2022

U.S. Patent

(q)

N

§ pun

L3
ZYIgERY
IR
”.__.“.__”.__ ”m.u..iu._;w

._
r - xk
R0
et T a
e e
c e T T T
T o N
4
o e

. -
e
YA
L)

X

r

L]

E )

r

1*"'
MM

.
L

F ¥
dr dr dp dr e e de e i
P N N
N A0 AE N A 22N

....t-....u.‘....n.._.r.._...........
'

i

..._._.Hu L N ML N
A I

Jodr @ dr bk F o1 A b Mok

I T . n
FEFE gy - w & &
._.l-_.r......

a & 2 2 & h F
F F ll.r'.'...".: o
[

anpoig A

A

:

2

"aa e aw
e e T
e A N M
NN ol o s ot

o
-
o
> JH*”...H...H “....
Al
el ol
ety iy
ANNNNNNN
B i i T
i
LML AL NN N
, j " e
o N N
i~ Wk
[ ]
RN NN
A AL N At
[ i S S e S Al ey A R e
R IR N N PRI A A A N
r o b " dr dr i dp dr il de A WU
- S L .-.u o
o

[y
PG R M

ol
o .“4”._.”.._.”...”...”.._.”...”...”1”.._”...“._..
Sl b aral

;.
LT T T e
= 1 0 . r F F B

e N



US 11,339,122 B2

Sheet 16 of 20

May 24, 2022

U.S. Patent

o s )

l..__..-_.l___.lt.._.”lnm_.a ML

ITII‘ L

x|
A

X
X

[ L0 0 3C 30 aE aE aE Ul 2
BoE R R AL

AN

.
b a2 & aoa
H

"
ta
ll
o
¥ X kN A a

P N i
...f.f...k........r&...&.....r&&..ﬂi...-_
o ey .4"..

N
*ala . e wT e
e e e e e -_"I-.-

'I'" -'

Ak M b b X ki -
A Txaa A
b b

Sl i "wTaa

- i i

L) 4...”...“.....__._.._.r“...n...... *
..-.--ll-_.-.”lv....._.q...nn-n'
. [ J

-

P
Eaa o )

e
o A

RN AN

Ll
D R T
PR e e .

W i dr ki e e bk
WA A e e M e e e
&k Ak kA ke kL ok
L
o e e
A A Ak Mk ke k.
A dr e U e ke ue bk a
kA Ay ke ke ke kA
.-......................r.r.r.__.r.r.__t.__.._ P Y ; . RN .
ATt . aaTa 2" a
l.l.l.l.l.....l......;..-..b.........r....r .r.;..__ A a omor oo . . " m s s s oaoa a

.l.

P L - .-.&........-..-.l
R ar o F RN
[ B I I I A L
P -._..__.r.r.r.r.r.....-...r.....r.....-.....l..... .

e
. e
A e

..11_..
rr 1_1 't i
Pl » -
O . P
qu&H#H#H#H#H&H#H{# w H.... .”...H._..”"_. ln_u.rul-.-. - .H“"HHHUIH...H{...- |._._.".__.“....H...H.4H._._H._._..4.-.HJ..._._
SN W a0 PR W A N NN AN
ST e e e o ) e D)
] . . =
agh i e e waty W g s atat -

ST e Ty iy R
IR NE R NN X AL NN
-l 1 . or om Jeodp o dr i

™
&
....H..........H...”...H...H...”....H.r...- - o
.

W e b Ll
L el ) Ll
dr dr i i b )
A ek )
LaC 3EaE o ; LN
Ll L a2 ) . ; " X X
WAy . ; ; a ey
el . . ; ; X X
J&H..H#H&H;H...Hﬂ s

F
_._.4“.4”4”..“....”.,1. -y

o k4 aoror

Y

Gk homomor

A b oaow

.:.‘l..'.rl.
-...r.rhi

L)
ik ko
e u
A e e e N
P e

NN

L

Lo e e B de e M b W B

L N N

N N

N e e

woip b d b dp o dp dp o de dp o de de A &

B NN

n i .....r.r.r.._ .r.._ .r.r.r.r.-...........-...........-...r.....r.....r.r.r.r.._

. .b.”.'b..'b..T .T.T.r.T.r.r.r.T.T.T.T i & 0o .T.T.r.—.-
B e P e P i P i i

c ol A b b dr dr b b oaa

4 &
.qu&H.qH..H&H&H...H&H#.rt.......-. L
T b
..rH&H&Hkﬂ#ﬂkﬂkﬂkﬂkﬂt&ﬂkﬂ
E N N
L 3 o
w ek
iy e ey dr
EE e 3 0 0 AP
S

r............................”.r..... . 1”.._ H.._ H.r”.r.....r.....r.....r.....r.....r.r.r”.._ H.._“.._H.._..... ! e
.._......__......r Pt P T i Pt CTeN
ke A oror o F hododododeo ko dod ok b kN . ror

R A )

'

1] b h b 2 = aa

S
SRR F

T e
N N ol Al
P e e T T T
T T
T e T e
I

L
Bk k kL e a s
F ]
...H....H.qH...H...H...H.........H. "xTa
L )
WA iy e i
AAAE R LN

€91-vY91 $8.nbi-

[ « 'y e e Ty
iy " . & 2k kN
oL ' e » »“ln“-“..“.._u.r.._.ﬂ.r.r.qt..r&...&“._.
ur - .___.4..4.4.__...____.._..___-& AT e e e
e e e ALl ”-_.4...4.4...4 ol T . o lu

Pl ety e ettt
LA o i_.._._.__..l_..-..._.q-n L JroeleTelel
........-..-..-..-..-_ LI FrrororoF o
ALl s
AL

L)

N e R e e e b e
- - A N )
-k . s e om e ke dp i ok
0 R N s e om o de d i i
._..__.-._. ....r....-.[....l..-...........-.. . om de dedpodp
._...'t“..._"...u...n...”...”...n...u
W e i i i
T
=lip e i
LaC L 2l L
Ll Al sl )
LR )
1._._.4....H..~H._q”.__.”._q
uH.q.._.__..q.q....q.q

o, ....___H.___H...H.q”.q“.......q....q.._.
el

X

[ ] .
[y .4....4.4”...4_..._._-... -

" a2 & & & )b h Jbh oo d b s oasw
" = & & & & & & & & & & a2 = =
"= = & & & b & b b b b b & a0 r
= = a = a & & & & & = ®m 1

EEE R N Y
” H.-Hnukuku..._ -

L)
Ll MY

............H...”...”...H...”...”...H...H...”.
o A
N A AN A

F ]
2 e
P e

ir
ir

ol
o

P
__..._.H..................}................}.........................h
O L I L el
s T e e T e e e T T
O N o s el sl el
e e e e e T e T T a T
Pl L e
" 2 e T e e T T T
R
" -.r.r.r.r.....r.-_......._..-...._......-......t.. .
[ S

PR N N
L AT e e e ek

N e N N N e D

. .._..__..r.....t.__..._ .r.._ .r.._ .r.v.....r........__..v.._..._.._...t........_...r.r.t.r.- .

.__.__...r ......_..r.....r.....r.r.r.r.__.r.__.r.__.r.r.._..r.....r.....r......_......r.....r.....r.r.__._.

1r}.###&.#}.#&..rvl.####.r#b“blJ1 PRI P e ....”.r”.r.....r”.r.-...r.....r.....r.-...r.r.r”...“.._”.._H.r”.r.....r.....r.-...........r.....r.r
.......}..-.........l......;..-.. ...........}..-......r....._ A R 11.;.._1.......}..._ R e e e M e
dr ey e e e e e kL R o N A g b de de Jp dp dp dp o de dr de b de e b X K K
g ap dp de kb dp k. . P N N e P o e U
N N R o s WM b d b drd dp o b b kM e de  E ok
Bk dedrdeae kL L P N ) A S W N N A
AN I dr b b dr h P S e e e e T A T
AL T TP d dr A d . e e e e e e b SRS
r.............r....|111.. n __......__......._..........................._..r.. [ T A S R e e e S o T S LT ek



U.S. Patent May 24, 2022 Sheet 17 of 20 US 11,339,122 B2

- 103

A _

Figure 17

compound 14, ul

2l ' $

(j043u09 jo %) Buipuig X1uIH,]



U.S. Patent May 24, 2022 Sheet 18 of 20 US 11,339,122 B2

Figure 18
Sy R

-y

*3;&
Actual binding free energy (kcal/imol)

R=0.85, N=11, p<0.001
®
@

Y

© ®w o w 9o u
9 @ & O ®

§ S ¥

N (fouyieay) ABiaus aaa) Buipuig pooIpaLd



CSIHPRE D304

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

]
o>
e
s
!
ﬂ.
Wy

%
B
S
v
:‘f{
Jafule
g
o
o
) :
- |
A
g
'.;-a-.. -
s
W

]

by

-~

o

T g

o
"
!
o

.
.
L
o

- 4
rrrrrrrrrrrrrrrrrr

m.ﬁ.#nm_.m._mwwvﬂmﬁ ____________ | o

US 11,339,122 B2
o

{pmumErien) p pooodiead gIa P FASMIN e 3

-
vvvvvvvv

—..-..”-."”'.-.'”l.”..l‘l .'."l. .l.l. . | Q w -b
= .._.M :

LI L ]
LR ]
1111111

*-
ok
.-.-.

Mw..%v....ﬁ m.wﬂ S A

Sheet 19 of 20

O ABAR} [ROUD D

SRy

oy

May 24, 2022

T gy

6T 24n3H

U.S. Patent



US 11,339,122 B2

Sheet 20 of 20

May 24, 2022

U.S. Patent

k3
&
i

r F F F -
.. .
. gt
r 3
F
- . . . . . . - - ' . N .
* . . o Y * > w1 . a e N ) .
F ’ W ) a a o~ i ) ] ) » - o
. x o » - g ) - " iy o g R
I T P P . L PP LI L P P ] Bk v o a hoa ko P T . P L P P N PP T L. L P T P L ) T T T TRL T AL P JRC A SR P AL | P T L P P T T P LI I T T I R O O O B O I R I O I O B | N I I T I P P O B e B O I I P O P O B O S I ) N I I I I P P O B B ] A a4 a4 A a4 a4 A A A _A_4_ 0 I I I I P P O B N B N |
l’—.'—.'—.'—.'—.‘—.'T'T'T‘T'T'—.'—.‘T'T 1'—.'—.'—.‘—.'—.'T'T‘T'T'—.'—."'T I-H'T'T'T'T'T'T‘T'T‘T'T‘—.'T“h"—.'—.'—.'—.‘—.'—.'—.'—.‘—.'T'T'—."+—.'—.‘T'T‘T'—.‘—.'—.‘—.'—.'—.'T'—.'—.+I'—.'—.‘—.'—.'—.'—.'T'T'—.'T‘T'T"n‘"'—.‘—.'—.'T'T‘T'T‘T'T'T'T'T' HI'—.'—.‘—.'—.'—.‘—.'T'T‘—.'—.'T'—.'T'T —.'T'T‘—.'T'T'—.'T'T‘—.'T'T‘—.'—.'—. —.'T'T‘—.'T'T'—.'T'T‘—.'T'T‘—.'—. F —.'—.'—.‘—.'—.'—.‘—.'—.'—.'—.'—.'—.‘—.'—.'ﬂ‘—.'—.'—.‘—.'—.'T'—.'T'T‘—.'T'—.‘T'T"T"'T'T"'T'T"'T'T‘—.'—.'—.‘—.'—. —.‘—.'—.'—.‘T'T'T‘T'T'T'T'T'T‘T%-
'
L]
o
i-.
W,
f-.
.
f..
f-.
& -
L] ".-.. -
. e -
- .-..r.!.r._.. |3 __.-_-...-. "
- ) -.-. i
. r ']
3 l.fh‘.— -.-.
f-.
i-.
. '-
‘. -.-.
i-.
W,
f-.
. .
f..
f-.
i-.
. .
.
.
W,
f-.
. .
f..
.
i-.
a L]
']
p “ .
. X an, .
- . a ']
: - ) 'YX .
A iy s
. : . " "
. . . . .
3 ']
. -.-.
. -
W,
. -.-.
i-.
f..
.
i-.
W,
f-.
.
f..
. L]
. » -.-.
- ']
."___ __.".
[ J [ ]
" .
L] L]
" L
| ] -
. ¥ L | |
) L] "._._ -.-.
i, - - ” ',
'
. .i”. ._.-.
'y w
. '
L § L]
.ln f-.
i L]
- .
. L] L]
. Y -.-.
[ 3 L]
™ | ]
» .
o
.
i..
f-.
" a L]
L i..
] '
ra )
» . .
L] L]
a [
X . .
L] L
. ra )
. . [
-_I i.
. '
L] L]
] ra '
A e .- &
L roa ' r "yl
a - m L]
Sl e - . ']
-, - a )
- ] r - o
1 - i . 3
" o (il ']
-.___ E ' - L] L]
A - ']
» * a - [
N i - o
N e - Pl &
¥ a P [
r .- o ]
. Pl ol A . ¥ ']
‘l il l.—.'-.'.-. - I.Iilf.' i i i i i 2 i-
L I T O B S B N ) '
M B e e e o N N N N L L ) 3
A " i S S ']
P Pl ol 5 [
[ ']
¥ Laa )
a . Vo '
roie s L] L]
[ Sl ]
.. . ']
L L]
rde oy . . a o
L T ) .
™ .-.-..-...-.i - . .. r > ']
" __.-_v.r-.l.-.ﬁ!ui.-.l“.ﬁlp.l..vl..v.—...-.&..-.....—.....—..q..__...._.n a a ‘a2 m o a s s amomoaaa - -.-.
! ' e ”-.
'
o
. A ol
3 :
. 3 [
h L]
aas . - ”-.
'
* i-.
L] | ]
A ) . . L
» " - o
h L]
. a . - -.I. '
. C e .
Fr - -
" . —.'—.'—. "N L ‘l.

| L P R |

0¢-v 02 sainbi



US 11,339,122 B2

1
HTRPV1 CHEMICAL AGENTS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional of U.S. patent application

Ser. No. 15/546,833, filed Jul. 27, 2017, now U.S. Pat. No.
10,899,702, which 1s the U.S. National Stage of Interna-
tional Patent Application No. PCT/US2016/016826, filed
Feb. 5, 2016, which claims prionty from U.S. Provisional
Patent Application No. 62/113,429, filed Feb. 7, 2015. The
contents of these applications are incorporated herein by

reference in their entirety.

STATEMENT OF GOVERNMENT SUPPORT

This invention was made with government support under
NIH grant #DA025612 awarded by the NIH. The govern-
ment has certain rights in the invention.

SEQUENCE LISTING

The 1nstant application contains a Sequence Listing which
has been submitted electronically in ASCII format and 1s
hereby incorporated by reference in its entirety. Said ASCII
copy, created on Dec. 4, 2017, 1s named 076333-
0897_SL.txt and 1s 14,732 bytes 1n size.

BACKGROUND

Transient receptor potential (TRP) channels are among
the largest families of 1on channels. There are 28 known

TRP cation channels in the TRP superfamily, which can be
turther subdivided into six subfamilies: TRPA (“Ankyrin™:

TRPA1), TRPML (*Mucolipin”: TRPMLI1-TRPML3),
TRPP (*Polycystin”: TRPP1-TRPP3), TRPM (“Melastatin’:
TRPMI1-TRPMS8), TRPC (“Canonmical”:TRPC1-TRPC7),
and TRPV (*Vanilloid”: TRPV1-TRPV6).

Transient receptor potential vanilloid type 1 (TRPV1) 1s
a member of the TRPV subfamily. TRPV1 and has been
reported to contribute to acute and chronic pain, such as
osteoarthritis, neuropathic pain, migraine, inflammatory
bowel disease, and bone cancer pain. Brain TRPV1 1s also
postulated to have a pathogenic role 1n various neurological
and psychiatric disorders, ranging from Parkinson’s disease,
schizophrenia, and Alzheimer disease to anxiety, depression
and other mood disorders.

Recently, the structures of Rattus norvegicus apo-TRPV1
(rTRPV1), rTRPV1 bound with RTX/DkTx or with capsai-
cin has been reported by using single particle electron
cryo-microscopy. Cao et al., “TRPV1 Structures 1n Distinct
Conformations Reveal Activation Mechanisms,” Nature,
504:113-118 (2013); Liao et al., “Structure of the TRPV1
Ion Channel Determined by Electron Cryo-Microscopy,”
Nature, 504:107-11 (2013). Unfortunately, the resolution

was 1nsuflicient to reveal 1n detail the nature of the ligand
binding interactions with TRPV1.

Human TRPV1 (WTRPV1) shares 85.7% sequence 1den-
tity with rTRPV1. Most of the antagomists of hTRPVI,
which represent the predominant therapeutic strategy for
utilization of vanilloids in the treatment of pain, share a
scallold and R-groups. Developing antagonists of hTRPV1
has been hindered by the unavailability of the 3D structure

of hTRPVI.

10

15

20

25

30

35

40

45

50

55

60

65

2

Thus, there remains a need in the art to determine a
pharmacophore model of hTRPV1. Furthermore, there

remains a need 1n the art to develop new antagonists for
hTRPV1.

SUMMARY OF THE

INVENTION

One embodiment of the mvention relates to a compound
represented by Formula (I):

()
(Y)s

e

o I
T

A X))

N

wherein:

X 1s independently 1n each instance halogen, OH, amino,
COOH, CONH,, SO ;H, PO,H,, CN, SH, N(R"),, NO,,
CF,C,-C, pertluoroalkyl, NHC(O)—C,-C, alkyl, NHC
(0)—C,-C, perfluoroalkyl, (C,-Cylalkyl, (C,-Cj)alkoxy,
(C,-Cyhaloalkoxy, (C,-C,)haloalkyl, (C,-Cy)alkenyl, (C,-

Celalkynyl, —NH,, —NH(C,-Cyalkyl, —N[(C,-C,)
alkyl],, —CN, (C;-Cy)heteroaryl, (C,-Cy)heterocycloalkyl,
(C5-Cy)eycloalkyl, (Ci-Cylaryl, (C,-Cg)heterocycloalkyl-
(C,-Cylalkylene-, (C;-Cy)heteroaryl-(C,-Cy)alkylene-, (C;-
Cylaryl(C,-Cyalkylene-, (C,-Cyaryl(C,-C )alkenylene-, or
(C,-Cylalkyl-(C,5-Cylarylene; Y 1s independently in each
instance halogen, OH, amino, COOH, CONH,, SO.H,
PO.H,, CN, SH, N(R"),, NO,, CF.C,-C, perﬂuoroalkyl
NHC(O)—C,-C, alkyl, NHC(O)—C -C, pertluoroalkyl,
(C,-Cylalkyl, (C,-Cyalkoxy, (C,-C,haloalkoxy, (C,-C/)
haloalkyl, (C,-Cj)alkenyl, (C,-C;)alkynyl, —NH,, —NH
(C,-Cylalkyl, —NI[(C,-Cylalkyl],, —CN, (C;-C,)het-
croaryl, (C;-Cgheterocycloalkyl, (C;-Cg)cycloalkyl, (Cs;-
Cglaryl, (C4-Cgheterocycloalkyl-(C,-Cy)alkylene-, (C;-Cy)
heteroaryl-(C,-Cyalkylene-, (C;-Cyaryl(C,-C,)alkylene-,
(C,-C )aryl(C -C )alkenylene- or (C,-Cyalkyl-(C5-Cy)
arylene; Z 1s halogen, OH, amino, COOH, CONH,, SO,H,
PO.H,, CN, SH, N(R'),, NO,, CF,C,-C,. perfluoroalkyl,
NHC(O)—C,-C, alkyl, NHC(O)—C C6 perfluoroalkyl,
(C,-Cylalkyl, (C,-Cylalkoxy, (C,-Cghaloalkoxy, (C,-C)
haloalkyl, (C,-Cj)alkenyl, (C,-C;)alkynyl, —NH,, —NH
(C,-Cylalkyl, —NI[(C,-Cyalkyl],, —CN, (C;-C,)het-
croaryl, (C;-Cyheterocycloalkyl, (C;-Cg)cycloalkyl, (Cs;-
Cqaryl, (C4-Cgiheterocycloalkyl-(C,-Cy)alkylene-, (C,-C,)
heteroaryl-(C,-Cjlalkylene-, (C;-Cyaryl(C,-Cy)alkylene-,
(C5-Crlaryl(C,-Cylalkenylene-, or (C,-Cyalkyl-(C;-Cy)
arylene; R 1s independently in each instance H, —OH,
(C,-Cylalkyl, (C,-C,) pertfluoroalkyl; (C,-Cy)alkoxy, (C,-

Cehaloalkoxy, (C,-C,haloalkyl, (C,-Cj)alkenyl, (C,-C,)
alkynyl, —NH,, —NH(C,-Cj)alkyl, —N[(C,-C,)alkyl],.
—CN, (C,-Cy)heteroaryl, (C,-Cy)heterocycloalkyl, (C4-Cy)
cycloalkyl, (C5-Cy)aryl, (C5-Cy)heterocycloalkyl-(C,-C)al-
kylene-, (C;-Cj,heteroaryl-(C,-Cylalkylene-, (C;-Cy)aryl
(C,-Cylalkylene-, (C,-Cglaryl(C,-Cyalkenylene-, or (C,-
Cqlalkyl-(C,5-Cplarylene; R' 1s independently 1n each
instance H, —OH, (C,-C,)alkyl, (C,-C,) pertluoroalkyl;
(C,-Cylalkoxy, (C,-Cy)haloalkoxy, (C,-Cshaloalkyl, (C,-
Cqlalkenyl, (C,-Cyalkynyl, —NH,, —NH(C,-Cj)alkyl,
—NI[(C,-Cylalkyl],, —CN, (C;-Cy)heteroaryl, (C,-Cy)het-
erocycloalkyl, (C;-Cg)cycloalkyl, (C4-Cglaryl, (C5-Cy)het-
erocycloalkyl-(C, -Cy)alkylene-, (C;-Cg)heteroaryl-(C,-Cy)
alkylene-, (C5-Cyglaryl(C,-Cylalkylene-, (C;5-Cglaryl(C,-Cy)
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alkenylene-, or (C,-C,)alkyl-(C;-Cy)arylene; a 1s an integer
of 0 to 5; and b 1s an integer of 0 to 4, wherein the alkyl
moieties are optionally substituted by one or more halogen,
or a pharmaceutically acceptable salt or solvate thereof.

In another embodiment, Z 1s N(R'), or NO, and a 1s an
integer of 1 to 3; and b 1s an 1integer of 0 to 4. In yet another
embodiment, X 1s independently 1n each istance halogen,
C,-C, alkyl, C,-C, perfluoroalkyl, NHC(O)—C,-C, alkyl,
NHC(O)—C, -C perfluoroalkyl; Y 1s independently in each
instance halogen, C,-C, alkyl; Z 1s N(R'),, NO,; R 1s
independently 1n each instance H, C,-C, alkyl; R' 1s inde-
pendently 1n each instance H, C,-C, alkyl, C,-C . pertluo-
roalkyl; a 1s an integer of 1 to 5; and b 1s an integer of 0 to
4, wherein the alkyl moieties are optionally substituted by
one or more halogen, or a pharmaceutically acceptable salt
or solvate thereof.

In another embodiment, a and b are each independently an
integer of 1 to 3, or a and b are one. In another embodiment,
X 1s fluoro, C,-C, alkyl or C,-C, pertluoroalkyl and a 1s 1.
In another embodiment, Y 1s a C,-C, alkyl and b 1s 1. In
another embodiment, R 1s H. In another embodiment, Z 1s
NQO..

Other aspects of the present invention 1include a pharma-
ceutical composition comprising a compound of any of the
prior embodiments and at least one pharmaceutically accept-
able carrier.

Another aspect of the present invention includes a method
of treating pain associated with transient receptor potential
vanilloid type 1 (TRPV1) in a subject in need thereof,
comprising administering to the subject an eflective amount
of a compound or composition of any of the prior embodi-
ments. In some embodiments, the pain associated with
TRPV1 1s selected from the group consisting of osteoarthri-
t1s, neuropathic pain, migraine, inflammatory bowel disease,
and bone cancer pain.

Yet another aspect of the present mvention includes a
method of inhibiting the activity of TRPV1 comprising
contacting TRPV1 with a compound or composition of any
prior embodiments.

The foregoing general description and following descrip-
tion of the drawings and detailed description are exemplary
and explanatory and are intended to provide further expla-
nation of the mvention as claimed. Other objects, advan-
tages, and novel features will be readily apparent to those
skilled 1n the art from the following brief description of the
drawings and detailed description of the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sequence alignment between hTRPV1 (SEQ
IDNO: 1) and rTRPV1 (SEQ ID NO: 2) 1n the present work.

FIGS. 2A-2F are Ramachandran plots of hTRPV1 model
constructed by rTRPV1.

FIG. 2A=General case; FIG. 2B=1soleucine and valine;
FIG. 2C=pre-proline; FIG. 2D=glycine; FIG. 2E=trans pro-
line; and FIG. 2F=cis proline. 95.5% (554/380) of all
residues were 1n favored regions. 99.1% (575/580) of all

residues were 1n allowed regions. There were S outliers (pha,
ps1): Glu250 (56.0, -24.3), Leu385 (88.0, 72.8), Thrd07

(88.0, -19.7), Aspd59 (22.4, -126.2), Prod62 (-28.9,
-68.7).

FIGS. 3A-3F show detailed binding modes of six other
antagonists with h'TRPV1, including BCTC (FIG. 3A),
A-425619 (FIG. 3B), A-784168 (FIG. 3C), SB705498 (FIG.
3D), AMG0347 (FIG. 3E), and INJ17203212 (FIG. 3F).
Two residues, Tyr511 and Thr550, formed strong hydrogen
bonds with the antagonists.
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FIGS. 4A and 4B show alignments of (a) four AMG9810
and (b) of four RTX after MD simulation. The hTRPV1 and
its compounds before MD simulation were highlighted 1n
gray, while the four AMG9810 and four RTX 1n different
monomers were highlighted 1n colors.

FIGS. 5A and 5B show alignments of four monomers (or
units) (a) of hTRPV1 bound with AMG9810 and (b) of
hTRPV1 bound with RTX.

FIG. 6 1s alignments of hTRPV1 bound with AMG9810
and bound with RTX. hTRPV1 highlighted in green color
was the structure of hTRPV1 bound with antagonist, while
hTRPV1 highlighted in red color was the structure of

hTRPV1 bound with agonist. Residues from 112 to 364
were hindered for clarity.

FIG. 7 shows four allosteric binding pockets 1n tetramer
hTRPV1 model.

FIG. 8 shows a substructure search of diarylurea small
molecules (dertved from compound 1) against a refined
compound library of 15,672 compounds for TRPV1.

FIG. 9 shows chemical structures and activity values of
compounds 5 and 14. Compound 5 (partial agonist) yielded
an EC, value for capsaicin agonism of 2.84+0.21 uM and
maximal stimulation 55.7£7.8% of that by 3000 nM cap-
saicin (FI1G. 9, red line). Compound 14 (antagonist) yielded
a K. value for capsaicin antagonism of 0.47+0.18 uM (FIG.
9, blue line) and inhibited ["TH]RTX binding to hTRPV1 with
a K, value of 0.65+0.26 uM

FIGS. 10a and 105 show a comparison of compound 1
with compound 10 indicating that the para-cyano replace-
ment of a meta-trifluoromethyl R2 group aflected the activ-
ity of the compounds at hTRPV1. (a) The detailed binding
pose of compound 1 at TRPV1 (K : 2.57+0.62 uM). (b) The
detailed binding pose of compound 10 at hKTRPV1 (35£3%
inhibition at 30 uM).

FIGS. 11a and 115 show a comparison of compound 1
with compound 14 indicating that the bulky R2 group
replacement enhanced the activity of the ligand at " TRPV1.
(a) The detailed binding pose of compound 1 at hTRPV1
(K,: 2.57+0.62 uM). (b) The detailed binding pose of com-
pound 14 at TRPV1 (K.: 0.47+£0.18 uM).

FIGS. 12a-12¢ show a comparison of compounds 14-16
indicating that the nitro/hydroxyl group 1n R1 was important
for the activity of inhibitors at hTRPV1. (a) The detailed
binding pose of compound 14 at TRPV1 (K. 0.47+0.18
uM). (b) The detailed binding pose of compound 15 at
TRPV1 (K.: 0.49£0.14 uM). (¢) The detailed binding pose of
compound 16 at TRPV1 (K 0.56x£0.16 uM).

FIGS. 13a and 1356 show a comparison of the slight
different binding modes of compound 5 (partial agonist) and
compound 4 (antagonist) at h'TRPV1. (a) The detailed
binding pose of compound 5 at hTRPV1 (EC.,: 2.84+0.21
uM). (b) The detailed binding pose of compound 4 at
hTRPV1 (K;: 11.7x1.3 uM).

FIGS. 14a and 146 show that compound 15 of TRPV1
had potential binding at CB2. (a) The binding curve (K:
1.39 uM) of compound 15 at CB2. (b) The detailed binding
pose of compound 15 at CB2.

FIG. 15 shows that compound 1 of TRPV1 1s predicted to
target CXCR2. The potential binding pose of the CXCR2
selective compound SB225002. (b) The potential binding
pose of compound 1 at CXCR2. In vitro binding assays are
still needed to experimentally validate the predicted binding
activity of our compounds with CXCR2.

FIGS. 16a and 165 show detailed binding modes of (a)
capsaicin and (b) RTX with hTRPV1. Two residues, Tyr511
and Thr550, formed hydrogen bonds with the agonaists.
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FIG. 17 shows compound 14 inhibited ["HJRTX binding
to hTRPV1 with a K, value of 0.65+0.26 uM.

FIG. 18 shows a correlation between the values for the
predicted AG of the binding based on the modeling and the
AG dertved from the experimental activities (K,) of the 11
compounds in the present work. We converted the experi-
mental activities (K,) to AG_ . _.(x-axis) using the equation
AG_ _ ~=RTInK, (R:gas constant R, 8.314 J/mol*K; T:ab-
solute temperature, 273.15+37=310.15K, since the T for the
binding was measured at 37° C.), comparing with the
predicted AG,,, z;...; (Y-2X1s).

FIG. 19 shows the comparisons of pore radius and con-
formational changes of hTRPV1 bound with compound 4
and bound with compound 5. The pore radius along the

channel for apo h'TRPV1, h'TRPVI1-compound 4 (average

conformation during the last 2 ns), and h'TRPV1-compound
S (average conformation during the last 2 ns).

FIGS. 20aq and 205 show compounds (a) 14 and (b) 16 had
weak binding activity with K, values of 15.9 and 12.2 uM at
CB2.

DETAILED DESCRIPTION

Compounds of the Invention
Compounds of the present disclosure include novel com-
pounds represented by Formula (I):

(D
(Y)s

N O T\/\

o X)—T—

N N
R R

wherein:

X 1s mndependently 1n each instance halogen, OH, amino,
COQOH, CONH,, SO,H, PO H,, CN, SH, N(R"),, NO,,
CF,C,-C, perfluoroalkyl, NHC(O)—C,-C, alkyl, NHC
(O)—C,-C, perfluoroalkyl, (C,-Cylalkyl, (C,-Cy)
alkoxy, (C,-Cy)haloalkoxy, (C,-C,)haloalkyl, (C,-C,)
alkenyl, (C,-Cyalkynyl, —NH,, —NH(C,-C,)alkyl,
—N[(C, -Cy)alkyl],, —CN, (C;-Cq)heteroaryl, (C5-Cy)
heterocycloalkyl, (C;-Cy)cycloalkyl, (C,-Cylaryl, (Cs-
Cy)heterocycloalkyl-(C,-C,)alkylene-, (C;-Cq)het-
eroaryl-(C,-Cy)alkylene-, (C4-Cplaryl(C,-Cy)
alkylene-, (C;-Cylaryl(C,-Cyalkenylene-, or (C,-C)
alkyl-(C,-Cy)arylene;

Y 1s independently 1n each 1nstance halogen, OH, amino,
COQOH, CONH,, SO,H, PO,H,, CN, SH, N(R"),, NO,,
CF,C, -C, perfluoroalkyl, NHC(O)—C, -C, alkyl, NHC
(0)—C,-C, pertluoroalkyl, (C,-Cylalkyl, (C,-C,)
alkoxy, (C,-Cyhaloalkoxy, (C,-C,)haloalkyl, (C,-C/)
alkenyl, (C,-Cyalkynyl, —NH,, —NH(C,-C,)alkyl,
—NI[(C,-Cy)alkyl],, —CN, (C,-C,)heteroaryl, (C,-Cy)
heterocycloalkyl, (C3-C8)cycloalkyl, (C5-Cyaryl, (C;-
Cy)heterocycloalkyl-(C, -Cy)alkylene-, (C5-Cy )het-
croaryl-(C,-Cy)alkylene-, (C5-Cylaryl(C,-Cy)
alkylene-, (C;-Cyaryl(C,-Cyalkenylene-, or (C,-C)
alkyl-(C,-Cy)arylene;

7Z.1s halogen, OH, amino, COOH, CONH,, SO,H, PO,.H,,
CN, SH, N(R'"),, NO,, CF,C,-C, perfluoroalkyl, NHC
(0)—C,-C, alkyl, NHC(O)—C,-C, pertluoroalkyl,
(C,-Cylalkyl, (C,-Cyalkoxy, (C,-Cyhaloalkoxy, (C,-
Ce)haloalkyl, (C,-Cylalkenyl, (C,-C)alkynyl, —INH.,,
—NH(C,-Cyalkyl, —NJ[(C,-Cylalkyl],, —CN, (C;-
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6
Cq)heteroaryl, (C;-Cg)heterocycloalkyl, (C;-Cg)cy-
cloalkyl, (C,-Cy)aryl, (C,-Cy)heterocycloalkyl-(C,-Cy)
alkylene-, (C;-Cyheteroaryl-(C,-Cylalkylene-, (Cs;-
Cyglaryl(C,-Cg)alkylene-, (C5-Cylaryl(C,-Cy)
alkenylene-, or (C,-Cj)alkyl-(C;-Cy)arylene;

R 1s independently 1n each instance H, —OH, (C,-C,)
alkyl, (C,-C,) pertluoroalkyl; (C,-Cj)alkoxy, (C,-C)
haloalkoxy, (C,-C)haloalkyl, (C,-C,)alkenyl, (C,-C;)
alkynyl, —NH,, —NH(C,-Cjy)alkyl, —NI[(C,-C()
alkyl], —CN, (C5-Cy)heteroaryl, (C5-Cy)
heterocycloalkyl, (C,-C,)cycloalkyl, (C,-Cy)aryl, (C;-
Cy)heterocycloalkyl-(C,-C,)alkylene-, (C5-Cy)
heteroaryl-(C, -C;)alkylene-, (C5-Cylaryl(C,-Cy)
alkylene-, (C;-Cyaryl(C,-Cyalkenylene-, or (C,-Cy)
alkyl-(C;-Cy)arylene;

R' 1s independently 1n each instance H, —OH, (C,-C,)
alkyl, (C,-C,) pertluoroalkyl; (C,-Cj)alkoxy, (C,-C,)
haloalkoxy, (C,-C,)haloalkyl, (C,-Cj)alkenyl, (C,-C,)
alkynyl, —NH,, —NH(C,-Cy)alkyl, —N[(C,-C,)
alkvl],, —CN, (C5-Cy )heteroaryl, (C5-Cy)
heterocycloalkyl, (C,-Cy)cycloalkyl, (C5-Cylaryl, (Cs-
Cy)heterocycloalkyl-(C, -C)alkylene-, (C5-Cy)
heteroaryl-(C,-C/)alkylene-, (C4-Cylaryl(C,-Cy)
alkylene-, (C;-Cylaryl(C,-Cyalkenylene-, or (C,-Cy)
alkyl-(C,-Cy)arylene;

a 1s an iteger of 0 to 3; and

b 1s an mteger of 0 to 4,

wherein the alkyl moieties are optionally substituted by
one or more halogen,

or a pharmaceutically acceptable salt or solvate thereof.

In some embodiments, in Formula (I),

X 1s independently 1n each instance halogen, C,-C alkyl,
C,-C, pertluoroalkyl, NHC(O)—C,-C, alkyl, NHC
(O)—C,-C, pertluoroalkyl, N(R"),, C,-C, alkyloxy,
pyrrolidine;

Y 1s independently 1n each istance halogen, C,-C alkyl,
C,-C, perfluoroalkyl, NHC(O)—C,-C, alkyl, NHC
(0)—C,-C, perfluoroalkyl, N(R"),, C,-C. alkyloxy,
pyrrolidine;

7. 1s N(R"),, NO, or

R 1s independently 1n each instance H, C,-C, alkyl;

R' 1s independently 1n each instance H, C,-C alkyl, C,-C,
pertluoroalkyl;

a 1s an iteger of 1 to 3; and

b 1s an mteger of 0 to 4,

wherein the alkyl moieties are optionally substituted by
one or more halogen, or

any pharmaceutically acceptable salt or solvate thereof.

In some embodiments, the halogen 1s fluoro.

In some embodiments, Z 1s N(R'"), or NO, or

v
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in the para or meta position. In some embodiments, Z 1s a
para F or Cl moiety.

In some embodiments, a 1s an integer of 1 to 3; and b 1s
an integer of O to 4.

In some embodiments, X 1s

Cll

where -7 represents an optional bond; * 1s independently
H, D, Cl, F, Me, Et, OMe, or CF;, for example,

o

In some embodiments, X 1s

i A’— Y
;:{N)LN/\)
R R

where X'1s O or S, and R, Y and b are defined above, for

example,
‘ or

0 = ‘
f{EJ\E N~

In some embodiments, X 1s selected from the group con-
sisting of D, Cl, F, (CH,),.-CH,, (e.g., Me, Et), OMe, CF,,
CN, C(ONR,, COO(CH,),CH;, COO(CH,),.CF;,
(CH,),.sOH,  (CH,)qs—O—(CH,),5, (CH,)g5s—S

(CH,),_s, and (CH,)q.s—NR—(CH,) _s.

In some embodiments, Y 1s

F

where .-~ represents an optional bond; * 1s independently
H, D, Cl, F, Me, Et, OMe, or CF;, for example,
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8

e

In some embodiments, Y 1s

Xr / I
v‘;{ )‘L I o
N N AN
R R

where X'1s O or S, and R, Y and b are defined above, for

example,

AN

In some embodiments, Y 1s selected from the group con-
sisting of D, Cl, F, (CH,),.-CH;, (e.g., Me, Et), OMe, CF,,
CN, C(O)NR,, COO(CH,),.CH,, COO(CH,), sCF;,
O—(CHy),s,  (CHp)os—S
(CH,),_s, and (CH,), s—NR-—(CH,), 5.

In some embodiments, the compounds of the present
disclosure include novel compounds represented by For-

(CHZ)I-SOH: (CHZ)D-S

mula (Ia):

N

‘ aor

X
7
X

(la)
(Y)s

X —
X ELE F

or any pharmaceutically acceptable salt or solvate thereof.
In further embodiments, the compounds of the present
disclosure include novel compounds represented by For-
mula (Ia') or (Ia") or (Ia"™) or (Ia"") or (Ia"™") or one of

(Iaﬁ—lﬂ)
< (Ia)
Z ‘ ‘\\ |
S NJ'I\N F
R R
(Ia")
< (Y)p ~
e ‘ 0 ‘\\ |
NN N N
R R
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-continued

G “
QT
NN N
R R

(IELJ'H)

(Iﬂ””)

AN 0N
)
PP
R R

(IELHH.")

o I
o(X)—
\/\NJ\ A~
R
Z

(Ia®)

Y
= O X
a(X)—— ‘ )J\ ‘ , and
A N . P
R R
. (Ia')
Y
= O I
X | | =
I\/\N N /
R R
, (1a%)
= O =
X | )j\ | ,
X N N s
R R
< (1a”)
)\ (Y)s
\/\N)J\N/ P ;o
R R
(Ia'?)
(Y)s
X
O f‘*’\ X
N)'LN/ S .
R R

or any pharmaceutically acceptable salt or solvate thereof.
The vaniables of formulae (Ia), (Ia'), (Ia"), (Ia™), (Ia""),
(Ia"™), and (Ia° ') are the same as for Formula (I).

In some embodiments, when X 1n formula (Ia') 1s F, then
Y 1s not methyl, and when X 1s Cl, then Y 1s not Cl, and 1n
Formula (Ia"™) when X 1s methyl and a 1s two, R 1s not 1n

cach instance H.

Other embodiments include compounds represented by
Formula (Ib):
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10
(1b)
(Y)b\ N
4 X
Neoluo)
NS NN
R R

or any pharmaceutically acceptable salt or solvate thereof
wherein the variables of Formula (Ib) are the same as for
Formula (I).

Some embodiments include compounds represented by
Formula (Ib') and (Ib")

(Ib’)

N
o |

SoSwe

(Ib")
(Y)s

N\

O X
@\? PP

or any pharmaceutically acceptable salt or solvate thereof
wherein the variables are the same as for Formula (I).
Other embodiments include compounds represented by

Formula (Ib):

(Ib)

AN X N\
LIS
\/\yﬁN N F

R R

or any pharmaceutically acceptable salt or solvate thereof
wherein the variables of Formula (Ib) are the same as for

Formula (I).

In some embodiments, the compounds of the present
disclosure include novel compounds represented by For-

mula (Ic):

(Ic)
F

O— |

AN

or any pharmaceutically acceptable salt or solvate thereof,
wherein two of X and/or two of Y are present on adjacent
atoms, and together form a five or six-membered aryl,

heteroaryl, heterocyclic or cyclic ring that 1s optionally
substituted by one or more halogen, OH, amino, COOH,

CONH,, SO,H, PO,H,, CN, SH, N(R"),, NO,, CF,C,-C,
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perfluoroalkyl, NHC(O)—C,-C, alkyl, NHC(O)—C,-C,
pertluoroalkyl, (C,-Cylalkyl, (C,-Cylalkoxy, (C,-C,)ha-
loalkoxy, (C,-Cshaloalkyl, (C,-C;alkenyl, (C,-C;)alky-
nyl, —NH,, —NH(C,-Cj)alkyl, —N[(C,-Cy)alkyl],, —CN,
(C;-Cylheteroaryl, (C;-Cy)heterocycloalkyl, (C;-Cg)ey-
cloalkyl, (C;-Cylaryl, (C;-Cg)heterocycloalkyl-(C,-C)al-
kylene-, (C;-Cg)heteroaryl-(C,-Cylalkylene-, (C;-Cyaryl
(C,-Cylalkylene-, (C,-Cylaryl(C,-Cylalkenylene-, or (C,-
Cylalkyl-(C;5-Cylarylene, and the remaining variables of

Formula (Ic) are the same as for Formula (I).

In some embodiments, the two of X and/or two of Y are
present on adjacent atoms, and together form a five or
six-membered aryl ring. In some embodiments, the two of X
and/or two of Y are present on adjacent atoms, and together
form a five or six-membered heteroaryl ring. In some
embodiments, the two of X and/or two of Y are present on
adjacent atoms, and together form a five or six-membered
heterocyclic ring. In some embodiments, the two of X and/or
two of Y are present on adjacent atoms, and together form
a five or six-membered cyclic ring. In some embodiments,
the heteroatom 1s N. In some embodiments, the heteroatom
1s O. In some embodiments, the heterocycle/heteroaryl 1s
selected from pyrrole, 1-pyrroline, 2-pyrroline, 3-pyrroline,
pyrrolidone, 1midazole, imidazoline, imidazolidine, pyra-
zole, 2-pyrazoline, 3-pyrazoline, pyrazolidine, 1,3,4-triaz-
ole, 1,2,3-triazole, 1,2,4-triazole, tetrazole, pentazole, pyri-
dine, pyridazine, pyrimidine, pyrazine, triazine, 1,4-
dihydropyridine,  dihydropyrazine,  piperidine, and
piperazine.

In some embodiments, the two X are present on adjacent
atoms, and together forma five or six-membered aryl or
heteroaryl or heterocyclic or cyclic ring. In some embodi-
ments, the two Yare present on adjacent atoms, and together
form a five or six-membered aryl or heteroaryl or hetero-
cyclic or cyclic ring. In some embodiments, the two X and
the two Yare present on adjacent atoms, and each set
together, independently, form a five or six-membered aryl or
heteroaryl or heterocyclic or cyclic ring.

Compounds of Formula (Ic) include:

N—~—~NH

/
380e
o(X)— —7
AL

N N F
R R
N—~—NH
; {
0O ‘ AN
N N 7 F
R R
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-continued
N—NH

O < X

X F
X
N—NH
/
A AL
N/
/N""--NH
= ‘ X o AN
o X)— —7
X &N)LN ‘ 7
R R
N—NH
/
/\‘ 0 ‘ X
—7
\/\N N =
‘ R R
S
a(X)
/N"'--NH
Z ‘ O ‘ AN
—7
X \lﬁT X S
1N
S)\NH
b
/N"“--NH
/\‘ 0 Q‘ N
\/\N)J\N/ P .
R R
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-continued

/N"“-NH
O
N)J\N F
R R
HN
0)\ NH

Ph

In some of the above embodiments, each R 1s H. In some
embodiments, each Z 1s F.

In some embodiments, the compounds of the present
disclosure include novel compounds represented by For-

mula (Id):

(Id)

or any pharmaceutically acceptable salt or solvate thereof,
wherein

1s a 6- or 10-membered aryl (e.g., phenyl or napthyl), and the
variables of Formula (Id) are the same as for Formula (I) or
(Ic).

In some embodiments, the compounds of the present
disclosure include novel compounds represented by For-
mula (Ie):

(lIe)

or any pharmaceutically acceptable salt or solvate thereof,
wherein

1s a 6- or 10-membered aryl (e.g., phenyl or napthyl);

.~~ represents an optional bond;

I 1s imndependently a C,-C, alkyl substituted by one or more
halogen, OH, amino, COOH, CONH,, SO,H, PO,H,, CN,

SH, N(R'),, NO,, CF,C,-C, perfluoroalkyl, NHC(O)—C, -
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14

C, alkyl, NHC(O)—C,-C, pertluoroalkyl, (C,-Cjalkyl,
(C,-Cylalkoxy, (C,-Cy)haloalkoxy, (C,-C,)haloalkyl, (C,-
Cqlalkenyl, (C,-Cylalkynyl, —NH,, —NH(C,-C,)alkyl,
—N[(C,-Cyalkyl],, —CN, (C,-Cy)heteroaryl, (C,-C,)het-
erocycloalkyl, (C;-Cg)cycloalkyl, (C4-Cylaryl, (C5-Cy)het-
erocycloalkyl-(C,-Cj)alkylene-, (C,-Cg)heteroaryl-(C,-Cy)
alkylene-, (C5-Cylaryl(C, -Cylalkylene-, (C;5-Cglaryl(C,-Cy)
alkenylene-, or (C,-Cj)alkyl-(C,-Cyarylene; G 1s CR,, O,
or NR;

and the variables of Formula (Ie) are the same as for
Formula (I).

In some embodiments, J 1s selected from C,-C,-alkyl-
halogen (e.g., Cl or F), C,-C,-alkyl-hydroxyl, and C,-C,
perfluoroalkyl.

In some embodiments, G 1s O. In some embodiments,
cach of .-~ 1s present.

Additional embodiments of Formulae (Ie) include:

A

Y S
o X)——
\EJJ\E/

N N - )
| RoR = (V)
X Z
J J
/\‘ O )4(}

X \NJ\N/\ AN
| ROR —— (V)

X
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-continued

15
-continued

= (V).
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-continued
F F
= ‘ 0 0
\ NJKNE PN
X o H \/:—CI
F ™
F F
/\‘ 0 : :O
F F
= ‘ 0 : jO
\/\N)J\N/\ AN
‘ H g ¢!
NG -
S)\NH
F F
7 ‘ 0 0
A A A
‘ H H —:——c1
F AN
HN
O NH
)\‘
X
F F
O : :O
Y XN
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-continued

F
UV
. N)‘\N =
q H
HN X ¢
O)\NH
)\‘
X

Compounds of the present disclosure also include novel

compounds represented by Formula (1I):

(1)

F N
o X))~ ‘ R\/L}Z:
X S/N P
o// \\0

wherein:

X 1s independently 1n each instance halogen, OH, amino,
COOH, CONH,, SO, H, PO.H,, CN, SH, N(R"),, NO,,
CF,C,-C, perfluoroalkyl, NHC(O)—C,-C, alkyl, NHC
(0)—C,-C, pertluoroalkyl, (C,-Cyalkyl, (C,-Cy)
alkoxy, (C,-Cy,haloalkoxy, (C,-C,)haloalkyl, (C,-C)
alkenyl, (C,-Cylalkynyl, —NH,, —NH(C,-C/)alkyl,
—NI[(C, -Clalkyl],, —CN, (C;-Cy)heteroaryl, (C5-Cy)
heterocycloalkyl, (C,-Cq)cycloalkyl, (C,-Cylaryl, (Cs-
Cy)heterocycloalkyl-(C,-C,)alkylene-, (C5-Cy)het-
eroaryl-(C,-Cy)alkylene-, (C5-Cylaryl(C,-Cy)
alkylene-, (C;-Cglaryl(C,-Cyalkenylene-, or (C,-C)
alkyl-(C,-Cy)arylene;

Y 1s independently in each instance halogen, OH, amino,
COOH, CONH,, SO H, PO,H,, CN, SH, N(R"),, NO,,
CF,C,-C, perfluoroalkyl, NHC(O)—C,-C, alkyl, NHC
(0)—C,-C, pertluoroalkyl, (C,-Cyalkyl, (C,-Cy)
alkoxy, (C,-Cy)haloalkoxy, (C,-C,)haloalkyl, (C,-C/)
alkenyl, (C,-Cylalkynyl, —NH,, —INH(C,-C/)alkyl,
—N[(C,-Cy)alkyl],, —CN, (C,-Cy)heteroaryl, (C,-C,)
heterocycloalkyl, (C,-Cq)cycloalkyl, (C,-Cylaryl, (Cs-
Cy)heterocycloalkyl-(C,-C,)alkylene-, (C5-Cy)het-
eroaryl-(C,-Cy)alkylene-, (C5-Cylaryl(C,-Cy)
alkylene-, (C;-Cylaryl(C,-Cyalkenylene-, or (C,-C)
alkyl-(C;-Cy)arylene;

Z.1s halogen, OH, amino, COOH, CONH,, SO,H, PO H,,
CN, SH, N(R'),, NO,, CF,C,-C, perfluoroalkyl, NHC
(O)—C,-C, alkyl, NHC(O)—C,-C, pertluoroalkyl,
(C,-Cylalkyl, (C,-Cyalkoxy, (C,-C,)haloalkoxy, (C,-
Ce)haloalkyl, (C,-Cyalkenyl, (C,-C)alkynyl, —INH.,,
—NH(C,-Cylalkyl, —N[(C,-Cy)alkyl],, —CN, (C;-
Cgyheteroaryl, (C,-Cy)heterocycloalkyl, (C,-Cy)cy-
cloalkyl, (C;-Cg)aryl, (C5-Cy)heterocycloalkyl-(C,-Cy)
alkylene-, (C,-Cg)heteroaryl-(C,-C)alkylene-, (C;-
Cg)aryl(C,-Cy)alkylene-, (C5-Cylaryl(C,-Cy)
alkenylene-, or (C,-C;)alkyl-(C;-Cg)arylene;

R 1s mdependently in each instance H, —OH, (C,-C)
alkyl, (C,-C;) perfluoroalkyl; (C,-Cylalkoxy, (C,-C)
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haloalkoxy, (C,-Cs)haloalkyl, (C,-Cy)alkenyl, (C,-C)
alkynyl, —NH,, —NH(C,-Cjy)alkyl, —NJ[(C,-C))
alkyl],, —CN, (C5-Cy)heteroaryl, (C5-Cy)
heterocycloalkyl, (C;-Cy)cycloalkyl, (C5-Cyaryl, (Cs;-
Cy)heterocycloalkyl-(C, -C, )alkylene-, (C5-Cy)
heteroaryl-(C, -C;)alkylene-, (C5-Cylaryl(C,-Cy)
alkylene-, (C;-Cyaryl(C,-Cyalkenylene-, or (C,-Cy)
alkyl-(C4-Cg)arylene;

R' 1s independently in each instance H, —OH, (C,-C;)
alkyl, (C,-C,) perfluoroalkyl; (C,-Cylalkoxy, (C,-C)
haloalkoxy, (C,-C,)haloalkyl, (C,-C,)alkenyl, (C,-C;)
alkynyl, —NH,, —NH(C,-Cj)alkyl, —N[(C,-C,)
alkyl],, —CN, (C5-Cy)heteroaryl, (C5-Cy)
heterocycloalkyl, (C;-Cg)eycloalkyl, (Ci-Cylaryl, (Cs-
Cy)heterocycloalkyl-(C, -C, )alkylene-, (C5-Cy)
heteroaryl-(C,-Cy)alkylene-, (C5-Cyharyl(C,-Cy)
alkylene-, (C;-Cylaryl(C,-Cyalkenylene-, or (C,-Cy)
alkyl-(C,-Cy)arylene;

a 1s an iteger of 0 to 5; and
b 1s an iteger of O to 4,

wherein the alkyl moieties are optionally substituted by
one or more halogen,

or a pharmaceutically acceptable salt or solvate thereof.
In some embodiments, 1n Formula (II),

X 1s independently 1n each instance halogen, C,-C, alkyl,
C,-C, perfluoroalkyl, NHC(O)—C,-C, alkyl, NHC
(0)—C, -C pertluoroalkyl;

Y 1s independently in each instance halogen, C,-C, alkyl;

7. 1s N(R'"),, NO, or

R 1s independently in each instance H, C,-C, alkyl;

R' 1s independently 1n each instance H, C,-C alkyl, C,-C,
pertluoroalkyl;

a 1s an iteger of 1 to 5; and
b 1s an mteger of 0 to 4,

wherein the alkyl moieties are optionally substituted by
one or more halogen, or any pharmaceutically accept-
able salt or solvate thereof.

In some embodiments, the halogen 1s fluoro.

In some embodiments, Z 1s N(R'"), or NO, or

In some embodiments, a 1s an integer of 1 to 3; and b 1s
an integer of O to 4.

In some embodiments, the compounds of the present
disclosure include novel compounds represented by For-

mula (IIa):
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(I1a)

7

o(R)——

or any pharmaceutically acceptable salt or solvate thereof.
In further embodiments, the compounds of the present
disclosure include novel compounds represented by For-

mula (IIa'") or (IIa") or (IIa"™) or (I1Ia"") or (IIa""):

(Ia')

X
(Y)s ,
F ‘ ‘\’\/ |
R
X S/N\/L/
o// \o
. (112"
X b 7
X
S
S/N S
o// \\o
(I1a"")
Z;
= A
R
A S/N i
o// \\o

(II&H H')

/N
)
\zw

oK)=~
7 o
Y (IIH_.IF ¥ F)
Z,
/\ X
e
7 \

or any pharmaceutically acceptable salt or solvate thereof.

The vanables of formulae (Ila), (IIa'), (IIa"), (IIa™),
(IIa"™"), and (IIa"™"") are the same as for Formula (1I).

In some embodiments of the Formulae (I) and (II) and
their sub-formulae, the C, -C alkyl 1s one or more of methyl,
cthyl, propyl (n-, 1-), butyl (n-, 1-, t-, sec-), pentyl or hexyl.
Preferred embodiments imnclude methyl and ethyl. When the
C,-C, alkyl 1s substituted by one or more halogen, the
embodlments include, for example, —CH,F, —CHF,,
—CF,;,—CH,CH,F,—CH,CHF,, —CH CF3,, —CHFCH,;,
—CHFCH,F, —CHFCHF,, —CHFCF,, —CF,CH,,
—CF,CH,F, —CF,CHF,, —CF,CF;.

In some embodiments, the C,-C, perfluoroalkyl 1s a
—CF,; or —CF,CF;. In some embodiments, ai1s O or 1 or 2
or 3 or 4 or 3. In a preferred embodiment, a 1s 1. In some
embodiments, b 1s O or 1 or 2 or 3 or 4. In a preferred
embodiment, b 1s 0 or 1.
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21
Specific embodiments of compounds of the present inven-

tion include:

O ) ) ) )
72 72 72 z z

Cl
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\‘/
OH
O
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-continued
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H
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O//\\O
O y ‘ ‘ N N(Et),
H
AN S/N\/ F
O//\\O
\ &
HN\/\‘ ‘ Y N\)
H
\/\S/”N\/ /
O//\\O

.

R
s

AN e N
7\
O O
|
e O
H
X S,fN F
O// \\O

US 11,339,122 B2

10

15

20

25

30

35

40

45

50

55

60

In some embodiments, the compounds of Formula (I), g5

Formula (Ia), Formula (Ia'), Formula (Ia"), Formula (Ia"'),
) do not include the following:

AR Tt

Formula (Ia""), Formula (Ia

24

Methods of Treatment

One aspect of the present technology includes methods of
antagonizing or agonizing hTRPV1 or inhibiting the activity
of TRPV1 1n a subject in need thereol, comprising contact-
ing hTRPV1 with a compound or a pharmaceutically accept-
able salt or solvate thereol, or administering a composition
comprising such a compound or a pharmaceutically accept-
able salt or solvate thereol. In some embodiments, the
compound 1s a diarylurea compound capable of binding to a
space within the TRPV1 molecule comprising (1) an upper
part of the binding pocket formed by several hydrophobic
residues, including Leud18, Leud47, Phe554, Leu663 and
Leu670; (2) a middle consisted of several residues, includ-
ing Tyr311, Met314, Thr550 and Asn351; and (3) a bottom
part mainly formed by two charged residues, Glu570 and
Arg557. In some embodiments, the compound binds with a
Ki value of less than Sor 4 or3 or 2 or 1 or 0.5 M. In some
embodiments, the compound 1s selected from the group
consisting of Formula (I), Formula (Ia), Formula (Ia'),
Formula (Ia"), Formula (Ia"), Formula (Ia""), Formula
(Ia™"), one of Formulae (Ia®'°), Formula (Ib), Formula (Ib")
and Formula (Ib"), Formula (Ic), Formula (Id), Formula (Ie),
Formula (II), Formula (IIa), Formula (IIa'), Formula (IIa"),
Formula (IIa""), Formula (IIa""), Formula (IIa"™"), and any of
their sub-formulae, or any combination thereof. In one
embodiment the subject 1s a human.

Some embodiments, include methods of antagonizing or
agonizing hTRPV1 or inhibiting the activity of TRPV1 1 a
subject 1n need thereot and binding to a cannabinoid recep-
tor 2 (CB2) and/or the C-X-C chemokine receptor 2,
“CXCR2,” also known as the interleukin 8 receptor beta
(IL8RB), comprising contacting hTRPV1 and one of the
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mentioned additional receptors with a compound or a phar-
maceutically acceptable salt or solvate thereof, or adminis-
tering a composition comprising such a compound or a
pharmaceutically acceptable salt or solvate thereof. In some
embodiments, the compound 1s a diarylurea compound
capable of binding to a space within the TRPV1 molecule
comprising (1) an upper part of the binding pocket formed

by several hydrophobic residues, including Leu518, Leu547,
Phe354, Leu663 and Leu670; (2) a middle consisted of

several residues, including Tyr511, Met514, Thr550 and
Asn5351; and (3) a bottom part mainly formed by two
charged residues, Glud70 and Arg557 as well as the CB2 or
CXCR2 receptor. In some embodiments, the compound
binds with a K, value of less than Sor4 or3 or2or 1 or 0.5
M. In some embodiments, the compound 1s selected from
the group consisting of Formula (I), Formula (Ia), Formula

(Ia"), Formula (Ia"), Formula (Ia""), Formula (Ia""), Formula

(Ia""), one of Formulae (Ia®°'"), Formula (Ib), Formula (Ib")
and Formula (Ib"), Formula (Ic), Formula (Id), Formula (e),
Formula (II), Formula (Ila), Formula (IIa"), Formula (1Ia"),
Formula (IIa"), Formula (IIa""), Formula (I1Ia™"), and any of
theirr sub-formulae, or any combination thereof. In one
embodiment the subject 1s a human.

Other embodiments of the present invention include a
method of treating pain associated with transient receptor
potential vanilloid type 1 (TRPV1) 1n a subject in need
thereot, comprising administering to the subject an eflective
amount ol a compound or a pharmaceutically acceptable salt
or solvate thereof, or administering a composition compris-
ing such a compound or a pharmaceutically acceptable salt
or solvate thereof. In some embodiments, the compound 1s
a diarylurea compound capable of binding to a space within
the TRPV1 molecule comprising (1) an upper part of the
binding pocket formed by several hydrophobic residues,
including Leud18, Leu547, Phe554, Leu663 and Leu670;
(2) a middle consisted of several residues, including Tyr311,
Met514, Thr550 and Asn551; and (3) a bottom part was
mainly formed by two charged residues, Glu370 and
Arg357, such that the diarylurea compound 1nhibits activity
of TRPV1. In some embodiments, the compound 1s selected
from the group consisting of Formula (I), Formula (Ia),
Formula (Ia"), Formula (Ia"), Formula (Ia""), Formula (Ia""),
Formula (Ia"™"), one of Formulae (Ia®”), Formula (Ib), For-
mula (Ib') and Formula (Ib"), Formula (Ic), Formula (Id),
Formula (Ie), Formula (II), Formula (Ila), Formula (IIa'),
Formula (IIa"), Formula (IIa"™), Formula (I1Ia""), Formula
(IIa"™"), and any of their sub-formulae, or any combination
thereol. In some embodiments, the pain associated with
TRPV1 1s selected from the group consisting of osteoarthri-
t1s, neuropathic pain, migraine, inflammatory bowel disease,
and bone cancer pain.

In some embodiments, the method 1s for the treatment of
acute and persistent pain, as well as inflammation, especially
for the neuroinflammation. In addition, i1n some embodi-
ments, the method 1s for the treatment of auto-immune
disorders including neurodegenerative diseases and bone
loss.

Compounds of Formulae I and II (including all sub-
formulae), or pharmaceutically acceptable salts or solvates
thereol, or a composition comprising such a compound or a
pharmaceutically acceptable salt or solvate thereof, can be
administered to a patient or subject 1n need of treatment
either individually, or 1n combination with other therapeutic
agents that have similar biological activities. For example,
Formulae I and II compounds and compositions can be
administered as a single dose or as multiple daily doses by
a practicing medical practitioner. When combination therapy
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1s used, however, the compound and the other therapeutic
agent can be administered separately at different time 1nter-
vals, or simultaneously.

Pharmaceutical formulations may include one or more
Compounds of Formulae I and/or II (including all sub-
formulae), or a pharmaceutically acceptable salt or solvate
thereof, and a pharmaceutically acceptable carrier. In some
embodiments, the composition further comprises, 1 accor-
dance with accepted practices of pharmaceutical compound-
ing, one or more additional therapeutic agents, pharmaceu-
tically acceptable excipients, diluents, adjuvants, stabilizers,
emulsifiers, preservatives, colorants, bullers, and/or flavor
imparting agents.

Pharmaceutical Formulations

Pharmaceutical compositions and medicaments may be
prepared by mixing one or more compounds of the mven-
tion, prodrugs thereof, pharmaceutically acceptable salts or
solvates thereot, stereoisomers thereot, tautomers thereot, or
solvates thereof, with pharmaceutically acceptable carriers,
excipients, binders, diluents or the like to prevent and treat
disorders associated with TRPV1 or cannabinoid receptors.

The compounds and compositions of the invention may
be used to prepare formulations and medicaments that
prevent or treat a variety of disorders associated with
TRPV1 or cannabinoid receptors, as described herein. For
example, disorders and diseases such as obesity, smoking
addiction, cardimetabolic risk factors, and other disorder and
diseases associated with the central nervous system can be
treated using the methods, compounds, and compositions of
the invention. Such compositions can be 1n any pharmaceu-
tically acceptable form, such as but not limited to 1n the form
of, for example, granules, powders, tablets, capsules, syrup,
suppositories, 1mnjections, emulsions, elixirs, suspensions or
solutions. The compositions can be formulated for any
pharmaceutically acceptable route of administration, such as
for example, by oral, parenteral, pulmonary, topical, rectal,
nasal, vaginal administration, or via implanted reservorr.
Parenteral or systemic administration includes, but 1s not
limited to, subcutaneous, intravenous, intraperitoneally,
intramuscular, intra-articular, intrasynovial, intrasternal,
intrathecal, intralesional and intracranial injections. The
following dosage forms are given by way of example and
should not be construed as limiting the invention.

Pharmaceutically acceptable salts of the invention com-
pounds are considered within the scope of the present
invention. The compounds of the invention have a number
of basic nitrogen groups, and as such, pharmaceutically
acceptable salts can be formed with mnorganic acids (such as
hydrochloric acid, hydroboric acid, mitric acid, sulfuric acid,
and phosphoric acid), organic acids (e.g. formic acid, acetic
acid, trifluoroacetic acid, fumaric acid, oxalic acid, tartaric
acid, lactic acid, maleic acid, citric acid, succinic acid, malic
acid, methanesulfonic acid, benzenesulfonic acid, and
p-toluenesulionic acid) or acidic amino acids (such as aspar-
tic acid and glutamic acid). The compounds of the present
invention may have acidic substituent groups, and i such
cases, 1t can form salts with metals, such as alkali and earth
alkali metals (e.g. Na*, Li*, K*, Ca**, Mg~*, Zn>"), organic
amines (e.g. ammonia, trimethylamine, triethylamine, pyri-

dine, picoline, ethanolamine, diethanolamine, trietha-
nolamine) or basic amino acids (e.g. arginine, lysine and
ornithine).

Certain compounds within the scope of the invention are
derivatives referred to as prodrugs. The expression “prod-
rug’” denotes a dertvative of a known direct acting drug, e.g.
esters and amides, which derivative has enhanced delivery
characteristics and therapeutic value as compared to the
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drug, and i1s transformed into the active drug by an enzy-

[

matic or chemical process; see Notari, R. E., “Theory and

Practice of Prodrug Kinetics,” Methods in Enzymology, 112:
309-23 (1985); Bodor, N., “Novel Approaches 1n Prodrug
Design,” Drugs of the Future, 6: 165-82 (1981); and Bund-
gaard, H., “Design of Prodrugs: Bioreversible-Derivatives
for Various Functional Groups and Chemical Entities,” 1n
DESIGN OF PRODRUGS (H. Bundgaard, ed.), Elsevier
(1985), and Goodman and Gilmans, The Pharmacological
Basis Of Therapeutics, 8th ed., McGraw-Hill (1992).

For oral, buccal, and sublingual administration, powders,
suspensions, granules, tablets, pills, capsules, gelcaps, and
caplets are acceptable as solid dosage forms. These can be
prepared, for example, by mixing one or more compounds of
the present invention, or pharmaceutically acceptable salts
or tautomers thereof, with at least one additive such as a
starch or other additive. Suitable additives include any
pharmaceutically acceptable excipient, including but not
limited to sucrose, lactose, cellulose sugar, mannitol, malti-
tol, dextran, starch, agar, alginates, chitins, chitosans, pec-
tins, tragacanth gum, gum arabic, gelatins, collagens, casein,
albumin, synthetic or semi-synthetic polymers or glycerides.
Optionally, oral dosage forms can comprise other ingredi-
ents to aid 1n administration, such as an inactive diluent, or
lubricants such as magnesium stearate, or preservatives such
as paraben or sorbic acid, or anti-oxidants such as ascorbic
acid, tocopherol or cysteine, a disintegrating agent, binders,
thickeners, buflers, sweeteners, tlavoring agents or perfum-
ing agents. Tablets and pills may be further treated with
suitable coating materials known 1n the art.

Definitions

It 1s noted that, as used herein and 1n the appended claims,
the singular forms “a”, “an”, and “the” include plural
referents unless the context clearly dictates otherwise. It 1s
turther noted that the claims may be drafted to exclude any
optional element. As such, this statement 1s intended to serve
as antecedent basis for use of such exclusive terminology as
“solely”, “only” and the like 1n connection with the recita-
tion of claim elements, or use of a “negative” limitation.

As used herein, the term “about” will be understood by
persons of ordinary skill in the art and will vary to some
extent depending upon the context in which 1t 1s used. If
there are uses of the term which are not clear to persons of
ordinary skill in the art given the context in which it 1s used,
“about” will mean up to plus or minus 10% of the particular
term.

By “pharmaceutically acceptable™ 1s meant a material that
1s not biologically or otherwise undesirable, 1.e., the material
may be incorporated mnto a pharmaceutical composition
administered to a patient without causing any undesirable
biological effects or interacting 1n a deleterious manner with
any of the other components of the composition in which 1t
1s contained. When the term “pharmaceutically acceptable™
1s used to refer to a pharmaceutical carrier or excipient, it 1s
implied that the carnier or excipient has met the required
standards of toxicological and manufacturing testing or that
it 1s 1ncluded on the Inactive Ingredient Guide prepared by
the U.S. and Drug administration.

By “patient” 1s meant any animal for which treatment 1s
desirable. Patients may be mammals, and typically, as used
herein, a patient 1s a human individual.

The term ““pharmaceutically acceptable salt,” as used
herein, represents salts or zwitterionic forms of the com-
pounds of the present invention which are water or oil-

soluble or dispersible; which are suitable for treatment of
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diseases without undue toxicity, irritation, and allergic-
response; which are commensurate with a reasonable ben-
efit/risk ratio; and which are eftective for their intended use.
The salts can be prepared during the final i1solation and
purification of the compounds or separately by reacting the
appropriate compound 1n the form of the free base with a
suitable acid. Representative acid addition salts include
acetate, adipate, alginate, L-ascorbate, aspartate, benzoate,
benzenesulifonate (besylate), bisulfate, butyrate, camphor-
ate, camphorsulifonate, citrate, digluconate, formate,
fumarate, gentisate, glutarate, glycerophosphate, glycolate,
hemisulfate, heptanoate, hexanoate, hippurate, hydrochlo-
ride, hydrobromide, hydroiodide, 2-hydroxyethansulfonate
(1sethionate), lactate, maleate, malonate, DL-mandelate,
mesitylenesulifonate, = methanesulfonate,  naphthylene-
sulfonate, nicotinate, 2-naphthalenesulionate, oxalate,
pamoate, pectinate, persulfate, 3-phenylproprionate, phos-
phonate, picrate, pivalate, propionate, pyroglutamate, suc-
cinate, sulfonate, tartrate, L-tartrate, trichloroacetate, trifluo-
roacetate, phosphate, glutamate, bicarbonate, para-
toluenesulionate (p-tosylate), and undecanoate. Also, basic
groups 1n the compounds of the present invention can be
quaternized with methyl, ethyl, propyl, and butyl chlorides,
bromides, and 1odides; dimethyl, diethyl, dibutyl, and
diamyl sulfates; decyl, lauryl, myristyl, and steryl chlorides,
bromides, and 10dides; and benzyl and phenethyl bromides.
Examples of acids which can be employed to form pharma-
ceutically acceptable addition salts include morganic acids
such as hydrochloric, hydrobromic, sulfuric, and phos-
phoric, and organic acids such as oxalic, maleic, succinic,
and citric. Salts can also be formed by coordination of the
compounds with an alkali metal or alkaline earth 1on.

Hence, the present invention contemplates sodium, potas-
sium, magnesium, and calcium salts of the compounds of the
compounds of the present invention and the like.

The term “solvates™ 1s used in its broadest sense. For
example, the term solvates includes hydrates formed when
a compound of the present mnvention contains one or more
bound water molecules.

Certain ranges are presented herein with numerical values
being preceded by the term “about”. The term “about™ 1s
used herein to provide literal support for the exact number
that 1t precedes, as well as a number that 1s near to or
approximately the number that the term precedes. In deter-
mining whether a number 1s near to or approximately a
specifically recited number, the near or approximating unre-
cited number may be a number which, 1n the context in
which 1t 1s presented, provides the substantial equivalent of
the specifically recited number.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials
similar or equivalent to those described herein can also be
used in the practice or testing of the present invention,
representative illustrative methods and materials are now
described.

Where a range of values 1s provided, it 1s understood that
cach intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated
or mntervening value in that stated range, 1s encompassed
within the invention. The upper and lower limits of these
smaller ranges may independently be included in the smaller
ranges and are also encompassed within the invention,
subject to any specifically excluded limit 1n the stated range.
Where the stated range includes one or both of the limats,
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ranges excluding either or both of those included limits are
also included 1n the mvention.

This mvention 1s not limited to particular embodiments
described, as such may, of course, vary. It 1s also to be
understood that the terminology used herein 1s for the
purpose ol describing particular embodiments only, and 1s
not mtended to be limiting, since the scope of the present
invention will be limited only by the appended claims.

As will be apparent to those of skill 1n the art upon reading
this disclosure, each of the individual embodiments
described and 1illustrated herein has discrete components and
features which may be readily separated from or combined
with the features of any of the other several embodiments
without departing from the scope or spirit of the present
invention. Any recited method can be carried out in the order
of events recited or in any other order which 1s logically
possible.

All publications and patents cited 1n this specification are
herein incorporated by reference as if each imdividual pub-
lication or patent were specifically and individually indi-
cated to be incorporated by reference and are incorporated
herein by reference to disclose and describe the methods
and/or maternals 1n connection with which the publications
are cited. The citation of any publication 1s for 1ts disclosure
prior to the filing date and should not be construed as an
admission that the present mvention 1s not entitled to ante-
date such publication by virtue of prior invention. Further,
the dates of publication provided may be different from the
actual publication dates which may need to be independently
confirmed.

Working Examples

The present technology i1s further illustrated by the fol-
lowing examples, which should not be construed as limiting
In any way.

Binding Competition Assay and Ca”* Uptake Assay.

Materials.

["H]Resiniferatoxin ("H]RTX, 37 Ci/mmol) was pro-
vided by Perkin Elmer Life Sciences (Boston, Mass.).
Radioactive calcium (Ca-45, specific activity 5-30 C1/g) was
obtained from Perkin Elmer. Nonradioactive RTX was
obtained from LC laboratories (Waltham, Mass.). Capsaicin
was provided by Sigma-Aldrich (St. Louis, Mo.).

Stable hTRPV1 Expression Cell Line Subculture.

Tet-On mduced CHO-hTRPV1 cells were cultured in
maintaining medium (F12 supplemented with 10% TET-Iree
FBS [Atlanta Biologicals, GA], 25 mM HEPES, 10 ug/ml
blasticidin and 250 ug/ml geneticin (all from Invitrogen Life
Sciences; Grand Island, N.Y.). TRPV1 protein was induced
with mduction medium (F12 supplemented with 10% FBS,
25 mM HEPES, and 1 pg/ml tetracycline) as described
below for ligand binding and Ca uptake measurements.

RTX Competition Binding Assay.

Binding studies with [TH]RTX were carried out as fol-
lows. The binding assay mixtures were prepared in 1.5 ml
centrifuge tubes and consisted of a fixed concentration
(approximately 2 nM) of [PHIRTX (37 Ci/mmol specific
activity, PerkinElmer Life Sciences), various concentrations
of competing ligands, and 100 g protein of membranes from
induced CHO-hTRPV1 expressing cells (approximately
1-3x10° cells) in Dulbecco’s phosphate buffered saline
(DPBS, with Ca** & Mg**) for a total volume of 350 ul. The
assay mix contained bovine serum albumin at a final con-
centration of 0.25 mg/ml (Cohn fraction V; Sigma-Aldrich,
St. Louis, Mo.). In each set of experiments, nonspecific
binding were determined in the presence of 200 nM non-
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radioactive RTX. The binding reaction was initiated by
placing the assay mixture 1 a 37° C. shaking water bath for
60 minutes (—-30 rpm). The assay mixture was then chilled
on 1ce for 2-3 min before adding 100 ul of «,-acid glyco-
protein (2 mg/ml; Sigma-Aldrich) and mixed thoroughly.
The tubes were kept on ice for an additional 10 min. The
bound and free ligands were then separated by centrifuga-
tion (12,200 rpm for 15 minutes) in a Beckman Coulter
centrifuge Allegra 21R. 200 ul of supernatant was collected
for determination of free ligand. The remainder was
removed by aspiration. The bottom portion of the tubes
containing the membranes was cut off and bound radioac-
tivity determined. Radioactivity was measured by scintilla-
tion counting. Data were analyzed using GraphPad Prism. K,
values for compounds were determined by competition for
binding of ["HJRTX to the hTRPV1 and represent the mean
SEM of triplicate binding curves. In each curve, triplicate
determinations were performed at each ligand concentration.

Calcium Uptake Assays.

CHO-hTRPV1 cells were plated in 24-well plates, reach-
ing 40 to 60% contluence 1n maintaining medium after 24
hours. The cells were washed once with Dulbecco’s phos-
phate buflered saline (DPBS; Invitrogen, Grand Island,
N.Y.) to remove antibiotics, and fresh medium with tetra-
cycline (inducing medium) was added to induce TRPV1
expression. Experiments were done approximately 24 hours
after induction. The cells were at least 90% confluent at the
time of the assays.

For agonist Ca** uptake assays, the inducing medium was
aspirated and replaced by DMEM (supplemented with
bovine serum albumin (0.25 mg/mL), Ca** (37 kBg/mL),

and 100 ul of increasing concentrations of the non-radioac-

tive ligand for a total volume of 400 ul/well. The cells were
incubated for 5 min in a water bath at 37° C. For uptake
measurements by a full agonist, a saturating concentration of
capsaicin (3000 nM) was used as a positive control. Imme-
diately after incubation, the assay medium was aspirated and
the cells were washed twice with ice cold DPBS (no Ca** &
Mg>*).The cells were then lysed in radioimmunoprecipita-
tion assay builer (50 mM Tris-Cl pH 7.5, 150 mM NaCl, 1%
Triton X-100, 1% SDS, and 1% sodium deoxycholate; 400

ul/well) for at least 40 min on a shaker. Aliquots (300 uL)
of the cell lysates were counted in a liquid scintillation

counter. Background uptake was determined 1n the absence
of either compound or capsaicin. For the antagonism assays,
capsaicin (30 nM) was ncluded along with increasing

concentrations of the ligand being evaluated. The cells were
incubated for 5 min in a water bath at 37° C. Immediately
after incubation, the assay medium was aspirated and the
cells were washed twice with ice-cold DPBS (no Ca™ &
Mg>*). The cells were then lysed in radioimmunoprecipita-

tion assay buller for at least 40 min on a shaker. Aliquots of
the cell lysate were counted 1n a liquid scintillation counter.
Triplicate points at each concentration of ligand were deter-
mined 1n each experiment. Compounds were initially
screened at a concentration of 30 M. Compounds showing
greater than 10% agonism/antagonism were evaluated 1n
triplicate experiments. As indicated, full dose response
curves for compounds showing activity were performed at
least three times. Data was analyzed using GraphPad Prism.
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Example 1. Synthesis of Compound 1

The purpose of this example as to synthesize Compound
1, the structure of which 1s shown below:

CF,
0O ‘/\/ 0
AL
o Cl
\)\
\/\NH2
‘/\ _No,
O_C_N/\‘/
Cl
CF;
‘)\ o ‘/\/NOE
|
y y

C
\/\Ex \.E/Y

Cl

Taking 2-chloro-1-1socyanato-4-nitrobenzene and 3-(trii-
luoromethyl)aniline as staring materials, compound 1 was
synthesized using the same method as compound 2.

This compound yielded K, values for capsaicin antago-
nism of 2.60+£0.62 uM. It likewise inhibited [3H]RTX bind-

ing to h'TRPV1 with K, value of 1.11+£0.21 uM.

Example 2. Synthesis of Compound 2

The purpose of this example as to synthesize Compound
2, the structure of which 1s shown below:

F
NO
o ‘ X 2
N)J\N /
H H
Me

Compound 2 was synthesized by the method of the
tollowing Scheme.

NH,
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-continued

X"

‘

F

NO,

O=—(C=N

Me
F

O

Lz,
@
Tz,

Me

General procedure of coupling reaction between i1socya-
nate and amine.

1 -1socyanato-2-methyl-4-mitrobenzene (1.6 mmol, 1 eqv.)
was dissolved 1n dichloromethane (10 mL). 3-fluoroaniline
(2.4 mmol, 1.5 eqv) was added, followed by triethylamine
(3.6 mmol, 2.25 eqv) and the resulting mixture was stirred
overnight at room temperature. A precipitate was formed,
filtered and washed with dichloromethane. The solid par-
ticles were purified with flash column chromatography uti-
lizing ethyl acetate/petroleum ether (1:2). The target com-

pound was obtained as off-white solid (100 mg, vield: 34%).
'"H NMR (400 MHz, DMSO-d,, ppm) 8 9.60 (s, 1H), 8.44
(s, 1H), 8.34 (d, J=8.80 Hz, 1H), 8.14-8.08 (m, 2H), 7.54 (d,
J=11.60 Hz, 1H), 7.37-7.35 (m, 1H), 7.15-7.13 (m, 1H),
6.86-6.85 (m, 1H), 2.38 (s, 3H). LC-MS (ESI, m/z): 290.0
(M+H)™. This compound yielded Ki values for capsaicin
antagonism of 4.50+£0.88 M. It likewise mhibited [3H]RTX
binding to hTRPV1 with Ki value of 5.20+£0.32 uM.

Example 3. Synthesis of Compound 3

The purpose of this example as to synthesize Compound
3, the structure of which 1s shown below:

HN

~NF

N(Et);

| .
N S

A S
O// \\O

4-Acetamidobenzene-1-sulfonyl chloride (466 mg, 2.0
mmol) and 4-(aminomethyl)-N,N-diethylamiline (356 mg,
2.0 mmol) were dissolved in 10 mL of water and 5 mL of
dimethylformamide. The mixture was added K,CO; (414
mg, 3.0 mmol) and stirred at room temperature for 12 h. The
precipitated solid was filtered, washed with water, and dried
in vacuo to obtain the crude product, which was recrystal-
lized 1n ethanol to prepare the final compound N-(4-(IN-(4-
(diethylamino)benzyl)sulfamoyl)phenyl)acetamide (453
mg, 60%).

'H NMR (400 MHz, DMSO-d,) & 10.28 (s, 1H), 7.69-
7.75 (m, SH), 6.97 (d, ]=8.4 Hz, 2H), 6.52 (d, J=8.4 Hz, 2H),
3.79 (d, J=6.0 Hz, 2H), 3.28-3.35 (m, 4H), 2.09 (s, 3H), 1.05
(t, I=6.8 Hz, 6H). LC-MS (ESI): m/z 376.1 (M+H)". It
antagonized capsaicin stimulation of hTRPV1 by
12.7+1.0% at 30 M.
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Example 4. The Sequence Alignment Between
h'TRPV1 and rTRPV1

The purpose of this example was to determine the
sequence alignment between human TRPV1 (hTRPV1) and

rat TRPV1 (rTRPV1), as shown 1n FIG. 1.
The whole sequence identity between hTRPVI1 and
rTRPV1 was 85.7%. We used the structure of rTRPVI-

capsaicin (PDB entry: 3J5R, EM resolution: 4.2 A) to
construct the 3D structures of hTRPV1. The intact sequence
of hTRPV1 (Q8NERI1, 839 residues for one monomer) was
downloaded 1from the UniProtKB/Swiss-Prot (http://
www.uniprot.org/uniprot/).

We truncated some residues before Leull2 for the N

terminus and some residues after Lys719 for the C terminus.
We also truncated 24 residues from Asn604 to Ser627. This

truncation was necessary because the corresponding resi-
dues were unsolved 1n the structures of rTRPV1. Therefore,
the generated sequence was from Leull2 to Lys603 and
from Tyr628 to Lys719 (584 residues for one monomer). We
connected Lys603 and Tyr628 to generate a continuous
polypeptide sequence. We then aligned the sequence and
built the homology model based on this hTRPV1 sequence
by using our reported protocol.

Example 5. Ramachandran Plots of hTRPV1 Model

The purpose of this example was to generate Ramachan-
dran plots of hTRPV1.

Ramachandran plots of hTRPV1 model constructed by
rTRPV1. 95.5% (534/380) of all residues were 1n favored
regions. 99.1% (575/580) of all residues were in allowed
regions. There were 5 outliers (phi, psi1): Glu230 (56.0,
—-24.3), Leu385 (88.0, 72.8), Thrd07 (88.0, —19.7), Asp439
(22.4, -126.2), Pro462 (-28.9, -68.7).

After obtamning the 3D structures, SYBYL-X 1.3 was

used for the energy minimizations. SYBYL-X 1.3, Tripos
International, 1699 South Hanley Rd., St. Louis, Mo.,

63144, USA. 2010. ProSA-web Z-scores and ProCheck

Ramachandran plots were used for structural stereochemical
evaluation of the hTRPV1 models.

Example 6. Detailed Binding Modes of Six
Antagonists with h'TRPV1

The purpose of this example was to determine detailed
binding modes of six antagonists with hTRPV1.

Most residues mvolved 1n the binding pocket had similar
roles for the recognition of antagonists. (1) Ser512 (not
shown), Arg557, and Glu570 formed a hydrophilic pocket
that interacted with the polar/charged groups of the antago-
nists. (2) Thr550 and/or Tyr3511 also formed strong hydrogen
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bonds with these 8 compounds. (3) Several hydrophobic
residues formed strong hydrophobic interactions with all
these antagonists, mcluding Met514, Leu515 (not shown),

Leu518, Leud47, Ala666 (not shown), and Leu670. The

agonists and antagonists therefore shared the same binding
pocket and similar binding interactions, which were con-
gruent with the findings of GPCRs.

Example 7. Determination of Four Allosteric
Binding Pockets in Tetramer hTRPV1 Model

The purpose of this example was to determine four
allosteric binding pockets 1n a tetramer hTRPV1 model.

Each predicted binding pocket was formed by five trans-
membrane domains from two adjacent monomers, including
S3, S4, S4-S5 linker, S5, and S6. An important observation
was that the binding pockets of hTRPV1 differed from the
traditional orthosteric binding site because they were
exposed to the lipids. Our MD simulation showed that both
AMGI810 (antagonist) and RTX (agonist) were close to the
lipid molecules (~5.4 A and 5.7 A for these two compounds,
respectively). All the results showed that these were allos-
teric binding pockets. Our findings were congruent with the
reports by Julius and co-workers. Liao, M.; Cao, E.; Julius,
D.; Cheng, Y. Structure of the TRPV1 Ion Channel Deter-
mined by FElectron Cryo-Microscopy. Nature 2013, 504,
107-112. In their apo structure of rTRPV1, they observed
some density in the same site as the agonists, possibly
correspond ng to a detergent molecule or lipid. They sug-
gested that this binding site of ligands was 1n exchange with
lipid molecules. This hypothesis was supported by experi-
mental data, suggesting that TRPV1 can be activated by
lipophilic or lipid molecules, such as diacylglycerols and
anandamide. Consistently, some studies already showed a
shared binding site for RTX and anandamide and partial
activation of TRPV1 by diacylglycerol.

Example 8. In Vitro Testing of Compound

For an mitial evaluation of the utility of the model for
identifving novel structures with hTRPV1 activity, a panel
of several in-house compounds was examined. The in-house
compounds were selected on the basis of the docking score
(higher than 8.0). Of all the in-house compounds, one
(XIE1-203Y) antagonized capsaicin stimulation of hTRPV1
by 12.7+£1.0% at 30 M. Among the other compounds, 2 gave
08.2+2.7% (compound 1) and 79.9x4.9% (compound 2)
inhibition at 30 M. These compounds vielded K, values for
capsaicin antagonism ol 2.60+£0.62 (compound 1) and
4.50+£0.88 (compound 2) M, respectively. They likewise
inhibited ["TH]RTX binding to hTRPV1 with K, values of
1.11£0.21 and 5.20+£0.32 uM, respectively.

TABLE 1

TRPV1 inhibitors.

Compound ID Structure

“K; (uM)

(or % inhibition
LogP MW  at 30 uM)
4.09 359.68 2.57 £ 0.62

(92.2 + 2.7%)
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TABLE 1-continued

TRPV1 inhibitors.

“K; (uM)
(or % inhibition
Compound ID Structure LogP MW  at 30 uM)
2 O 3.04 28927 452 = 0.88
| (79.9 = 4.9%)
N.
\ o \‘/\/ \O'
: /\N)J\N/\/
H H
3 O NH, 1.58 27327 32 £ 8%
No N
= N N\
| \
4 O 3.23 318.76 11.7 £ 1.3
(64.5 + 7.3%)
X O 0"
Cl = N).I\N
H H
5% O 2.83 30231 2.84 =0.21°
(55.7 = 7.8%
b AgONISI )
N ‘ 5 . PN
A
H H
6 O 3.72 332,78 34 + 7%
~ ‘ O /O/“\o/\
o N NJ\N
H H
7 ‘ 2.65 32077 33 7%
HO O
O
N)I\N Cl
H H
8 ‘ 3.03 274.30 28 = 6%
F O
‘/‘\ e 0 ~ ‘/\
\/\N . /\/\
H H
9 Br OH 4.67 363.26 27 = 14%
AN O X
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TABLE 1-continued

TRPV1 inhibitors.
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Compound ID Structure

10

11

12

13

14

15

O

OH
Cl % NH
F ‘/
A P N
OH
/\‘ AN
i \‘/ P
L‘v H
0/ ‘ \/N\’rNH
O
i F
OH
H
Cl N NH

N
/N+ Cl /E>/¢
O O
N)‘tN
H H

LogP

2.62

3.93

3.76

4.17

3.36

4.17

K, (UM)
(or % inhibition

MW  at 30 pM)

316.70 35 = 5%

337.78 3.7 = 1.7

(61 = 18%)

369.32 23 £ 12 %

326.78 3.7 £ 1.0

(72 = 18%)

341.30 0.47 = 0.18

(100 = 0%)

326.18 0.49 = 0.14

(99.6 = 0.40%)



US 11,339,122 B2

39
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TRPV1 inhibitors.

40

Compound ID Structure

16 :::: 5 'f#f
HO N)J\N/\ Cl
H H
17 O
L, 5
0" \‘/\/ r
F ‘/ Z
Br \H\ O
O
18 ﬂﬁﬁp\“Tf’Jj ,
Fj:jffoQ*h#f#\\‘N;#“\HHJMHF ‘
F H
a X

“K. values for capsaicin antagonism. For weak compounds,
the % inhibition at 30 M is given. “Compound 5 was
identified as a partial agonist. The value listed i1s for ago-
nism.

Example 9. Binding at the Cannabinoid Receptor 2
(CB2)

The compounds were also tested for activity 1n the CB2
receptor, and showed that the binding curve for compound
15 with a K1 value of 1.39 M at CB2, while 14 and 16

showed weak binding activity with a Ki value of 15.9 uM
and 12.2 uM.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2
<210> SEQ ID NO 1
<211> LENGTH: 839
<212> TYPE: PRT
<213> ORGANISM: Homo sapilens
<400> SEQUENCE: 1
Met Lys Lys Trp Ser Ser Thr Asp Leu Gly Ala Ala Ala
1 5 10
Gln Lys Asp Thr Cys Pro Asp Pro Leu Asp Gly Asp Pro
20 25
Pro Pro Pro Ala Lys Pro Gln Leu Ser Thr Ala Lys Ser
35 40 45
Leu Phe Gly Lys Gly Asp Ser Glu Glu Ala Phe Pro Val
50 55 60

35

40

ASP

AgSh

30

ATrg

ASP

LogP

3.17

3.23

4.48

Pro
15

Ser

Thr

Cys

Leu

Arg

Pro

“K; (uM)

(or % inhibition

MW  at 30 uM)

276.72 0.56 + 0.16
(100 + 0%)

411.01  2.15 £ 0.72

(66 = 11%)

317.67 7.0 = 2.0
(51.8 £ 6.6%)
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Thr

Val
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Ser

Leu
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Glu

Glu

-continued

Tvr

Leu
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Thr

Gly

Val

Leu

Ser
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Thr

Met

Leu

AsSn
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Glu

ASn

Ile
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Pro

AsSn

Gly

Gly
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Leu

Val

Val

Met Ile Ile
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Pro

Gly

Ile
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Vval
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Met

Arg

Tle

Phe

AsSn
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Leu

Leu

Thr
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Arg

Arg
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Trp

AsSn
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Arg

Gln

Phe

Pro

Glu

Gln

Ser
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Ser

Val

Gly

Leu

Gly
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Ser

Phe

ASP

Thr
670

Val

Ala

Gly

Thr

750

Val

ASP

Leu

Lys
830

Tyr

Tle

Tyr

495

Val

Phe

Phe

Arg

575

Phe

Leu

Pro

Phe
655

Agn

Tle

2la

Lys

735

Thr

Glu

Ser

2la

Lys

815

ASP

Phe

Leu
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Phe

Ser

Val

Ser

Gln

560

ASp

Ser

Pro

Gly

Phe

640

Ile

Thr

Phe

720

ASpP

Trp

Gly

Gly

Ser

800

His

Ser
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What 1s claimed 1s:
1. A method of treating pain associated with transient

receptor potential vanilloid type 1 (IRPV1) 1n a subject in
need thereol, comprising administering to the subject an

efl

ective amount of a compound represented by Formula (I):

(D
(Y)s 7

7z 0 T\/\/
oK)=
S

A

N
R

wherein:

X 1s mndependently 1n each instance halogen, OH, amino,
COOH, CONH,, SO H, PO;H,, CN, SH, N(R"),, NO,,
CF,C, -C pertluoroalkyl, NHC(O)—C,-C, alkyl, NHC
(0)—C,-C, pertluoroalkyl, (C,-Cylalkyl, (C,-Cy)
alkoxy, (C,-Cs)haloalkoxy, (C,-Cy)haloalkyl, (C,-C)
alkenyl, (C,-Cy)alkynyl, —NH,, —NH(C, -C/)alkyl,
—NI[(C, -Cy)alkyl],, —CN, (C;-Cq)heteroaryl, (C5-Cy)
heterocycloalkyl, (C;-Cg)eycloalkyl, (C-Cylaryl, (Cs-
Cg)heterocycloalkyl-(C, -C,)alkylene-, (C;-Cy)het-
croaryl-(C,-Cy)alkylene-, (C5-Cylaryl(C,-Cy)
alkylene-, (C;5-Cyglaryl(C,-Cyalkenylene-, or (C,-Cy)
alkyl-(C,-Cg)arylene;

Y 1s independently in each 1nstance halogen, OH, amino,
COOH, CONH,, SO.H, PO,H,, CN, SH, N(R"),, NO,
CF,C, -C, perfluoroalkyl, NHC(O)—C, -C, alkyl, NHC
(0O)—C,-C, pertluoroalkyl, (C,-Cylalkyl, (C,-Cy)
alkoxy, (C,-Cy)haloalkoxy, (C,-C,)haloalkyl, (C,-C/)
alkenyl, (C,-Cylalkynyl, —NH,, —NH(C,-C/)alkyl,
—N[(C,-Cy)alkyl],, —CN, (C;-C; heteroaryl, (C,-C,)
heterocycloalkyl, (C3-C8)cycloalkyl,, (C5-Cyaryl, (C;-
Cy)heterocycloalkyl-(C,-C,)alkylene-, (C5-Cq)het-
eroaryl-(C,-Cy)alkylene-, (C5-Cylaryl(C,-Cy)
alkylene-, (C5-Cy aryl(C,-Cyalkenylene-, or (C,-C)
alkyl-(C, Cg)arylene

Z.1s halogen, OH, amino, COOH, CONH,, SO,H, PO H,,
CN, SH, N(R"),, NO, CF,C,-C perﬂuoroalkyl NHC
(O)—C,-C, alkyl, N{C(O)—C -C, pertluoroalkyl,
(C,-Cylalkyl, (C,-Cyalkoxy, (C,-C,)haloalkoxy, (C,-
Ce)haloalkyl, (C,-Cj)alkenyl, (C,-C)alkynyl, —INH.,,
NH(C,-Cy)alkyl, —NJ[(C,-Cy)alkyl],, —CN, (C5-Cq)
heteroaryl, (C,-Cg)heterocycloalkyl, (C,-Cg)cycloal-
kyl, (C,5-Cularyl, (C;-Cg)heterocycloalkyl-(C,-Cy)al-
kylene-, (C,-Cy)heteroaryl-(C,-Cy)alkylene-, (C,-C,)
aryl(C,-Cyalkylene-, (C,-Cyaryl(C,-Cyalkenylene-,
or (C,-Cyalkyl-(C,-Cy)arylene;

R 1s independently 1n each imnstance H, —OH, (C,-C;)
alkyl, (C,-C;) perfluoroalkyl, (C,-Cylalkoxy, (C,-C,)
haloalkoxy, (C,-Cy)haloalkyl, (C,-Cj)alkenyl, (C,-C,)
alkynyl, —NH,, —NH(C,-Cy)alkyl, —NI[(C,-C,)
alkyl],, —CN, (C;-Cy)heteroaryl, (C,-Cy
heterocycloalkyl, (C;-Cy)cycloalkyl, (C5-Cyaryl, (Cs;-
Cy)heterocycloalkyl-(C, -Cy)alkylene-, (C5-Cy )het-
croaryl-(C,-Cy)alkylene-, (C5-Cyrlaryl(C,-Cy)al-
kylene-, (C,5-Cylaryl(C,-Cylalkenylene-, or (C,-Cy)
alkyl-(C,-Cy)arylene;

R' 1s independently in each instance H, —OH, (C,-C;)
alkyl, (C,-Cy) pertluoroalkyl, (C,-Cj)alkoxy, (C,-C;)
haloalkoxy, (C,-C,)haloalkyl, (C,-C,)alkenyl, (C,-C;)
alkynyl, —NH,, —NH(C,-Cyalkyl, —NJ[(C,-C)
alkyl],, —CN, (C5-Cy)heteroaryl, (C5-Cy)
heterocycloalkyl, (C;-Cg)eycloalkyl, (C-Cylaryl, (Cs-
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Cy)heterocycloalkyl-(C, -C)alkylene-, (C5-Cy)
heteroaryl-(C,-Cj)alkylene-, (C5-Cplaryl(C,-Cy)

alkylene-, (C;-Cylaryl(C,-Cyalkenylene-, or (C,-Cy)
alkyl-(C;-Cy)arylene;

a 1s an 1nteger of O to 5; and

b 1s an mteger of 0 to 4,

wherein the alkyl moieties are optionally substituted by
one or more halogen, or a pharmaceutically acceptable
salt or solvate thereof.

2. The method of claim 1, wherein 7 1s N(R'), or NO, and

a 1s an integer of 1 to 3; and b 1s an integer of O to 4.
3. The method of claim 1, wherein:

X 1s independently 1n each mstance halogen, C,-C alkyl,
C,-C, perfluoroalkyl, NHC(O)—C,-C, alkyl, NHC
(O)—C,-C perfluoroalkyl;

Y 1s independently in each instance halogen, C, -C, alkyl;

7 15 N(R'), or NO,;

R 1s independently 1n each istance H or C,-C, alkyl;

R' 1s independently in each instance H, C,-C, alkyl, or
C,-C pertluoroalkyl;

a 1s an mteger of 1 to 5; and

b 1s an integer of O to 4,

wherein the alkyl moieties are optionally substituted by
one or more halogen, or a pharmaceutically acceptable
salt or solvate thereof.

4. The method of claim 1, wherein a and b are each

independently an integer of 1 to 3.

5. The method of claim 1, wherein a and b are one.
6. The method of claim 1, wherein X 1s fluoro, C,-C alkyl

or C,-C, perfluoroalkyl and a 1s 1.

7. The method of claim 1, wherein Y 1s a C,-C, alkyl and
b 1s 1.

8. The method of claim 1, wherein R 1s H.

9. The method of claim 1, wherein Z 1s NO.,,.

10. The method of claim 1, wherein the pain associated
with TRPV1 1s selected from the group consisting of
osteoarthritis, neuropathic pain, migraine, inflammatory
bowel disease, and bone cancer pain.

11. A method of inhibiting the activity of TRPV1 com-
prising contacting TRPV1 with a compound represented by

Formula (I):

F ‘ o ‘\’\/
o X)——
. X J\L/

wherein:

X 1s independently 1n each instance halogen, OH, amino,
COOH, CONH,, SO H, PO,H,, CN, SH, N(R"),, NO,,
CF,C,-C, pertluoroalkyl, NHC(O)—C,-C, alkyl, NHC
(0)—C,-C, perfluoroalkyl, (C,-Cyalkyl, (C,-C,)
alkoxy, (C,-Cy)haloalkoxy, (C,-Cy)haloalkyl, (C,-C)
alkenyl, (C,-Cyalkynyl, —NH,, —NH(C,-C,)alkyl,
—NI[(C, -C)alkyl],, —CN, (C;-Cy)heteroaryl, (C5-Cy)
heterocycloalkyl, (C,-Cy)cycloalkyl, (C5-Cylaryl, (Cs-
C,)heterocycloalkyl-(C, -C,)alkylene-, (C5-Cy)het-
croaryl-(C,-Cy)alkylene-, (C5-Cylaryl(C,-Cy)
alkylene-, (C,-Cglaryl(C,-Cy)alkenylene-, or (C,-C;)
alkyl-(C;-Cy)arylene;

Y 1s mndependently 1n each instance halogen, OH, amino,
COQOH, CONH,, SO,H, PO H,, CN, SH, N(R"),, NO,,
CF,C,-C, perfluoroalkyl, NHC(O)—C,-C, alkyl, NHC

()
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(O)—C,-C, pertluoroalkyl, (C,-Cylalkyl, (C,-Cy)
alkoxy, (C,-Cy)haloalkoxy, (C,-C,)haloalkyl, (C,-C,)
alkenyl, (C,-Cylalkynyl, —NH,, —NH(C,-C/)alkyl,
—NI[(C, -Cy)alkyl],, —CN, (C;-Cq)heteroaryl, (C5-Cy)
heterocycloalkyl, (C;-Cy)eycloalkyl, (C-Cylaryl, (Cs-
Cy)heterocycloalkyl-(C,-C,)alkylene-, (C;-Cy)het-
eroaryl-(C,-C/)alkylene-, (C5-Cylaryl(C,-Cy)
alkylene-, (C;-Cylaryl(C,-Cyalkenylene-, or (C,-C)
alkyl-(C,-Cy)arylene;

7Z.1s halogen, OH, amino, COOH, CONH,, SO H, PO,.H,,
CN, SH, N(R"),, NO,, CF,C,-C pertluoroalkyl, NHC
(0)—C,-C, alkyl, NHC(O)—C,-C, pertluoroalkyl,
(C,-Cylalkyl, (C,-Cyalkoxy, (C,-C,)haloalkoxy, (C,-
C,haloalkyl, (C,-Cj)alkenyl, (C,-C)alkynyl, —NH,,
NH(C,-Cy)alkyl, —N[(C,-Cy)alkyl],, —CN, (C5-Cq)
heteroaryl, (C,-Cg)heterocycloalkyl, (C,-Cy)cycloal-
kyl, (C;5-Cplaryl, (C;-Cg)heterocycloalkyl-(C,-Cy)al-
kylene-, (C,-Cyheteroaryl-(C,-Cylalkylene-, (C5-Cy)
aryl(C,-Cyalkylene-, (C;-Cylaryl(C,-Cylalkenylene-,
or (C,-Cyalkyl-(C,-Cy)arylene;

R 1s independently in each instance H, —OH, (C,-C))
alkyl, (C,-C;) perfluoroalkyl, (C,-Cylalkoxy, (C,-C)
haloalkoxy, (C,-Cy)haloalkyl, (C,-Cj)alkenyl, (C,-C,)
alkynyl, —NH,, —NH(C,-Cy)alkyl, —NJ[(C,-C)
alkyl],, —CN, (C5-Cy)heteroaryl, (C5-Cy)
heterocycloalkyl, (C;-Cy)cycloalkyl, (C;5-Cyaryl, (Cs;-
Cy)heterocycloalkyl-(C, -Cy)alkylene-, (C5-Cy)
heteroaryl-(C,-C)alkylene-, (C5-Cylaryl(C,-C,)
alkylene-, (C;5-Cyglaryl(C,-Cyalkenylene-, or (C,-Cy,)
alkyl-(C,-Cy)arylene;

R' 1s independently in each mnstance H, —OH, (C,-C;)
alkyl, (C,-C;) perfluoroalkyl, (C,-Cylalkoxy, (C,-C)
haloalkoxy, (C,-Cy)haloalkyl, (C,-Cj)alkenyl, (C,-C,)
alkynyl, —NH,, —NH(C,-Cy)alkyl, —NJ[(C,-C)
alkyl],, —CN, (C,-Cy)heteroaryl, (C5-Cy)
heterocycloalkyl, (C;-Cy)eycloalkyl, (Ci-Cylaryl, (Cs-
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Cy)heterocycloalkyl-(C, -C)alkylene-, (C5-Cy)
heteroaryl-(C,-Cj)alkylene-, (C5-Cplaryl(C,-Cy)
alkylene-, (C;-Cylaryl(C,-Cyalkenylene-, or (C,-Cy)
alkyl-(C;-Cy)arylene;

a 1s an 1nteger of O to 5; and

b 1s an mteger of 0 to 4,

wherein the alkyl moieties are optionally substituted by
one or more halogen, or a pharmaceutically acceptable
salt or solvate thereof.

12. The method of claim 11, wherein Z 1s N(R'), or NO,

and a 1s an mteger of 1 to 3; and b 1s an 1nteger of O to 4.

13. The method of claim 11, wherein:

X 1s independently 1n each mstance halogen, C,-C alkyl,
C,-C, perfluoroalkyl, NHC(O)—C,-C, alkyl, NHC
(O)—C,-C, perfluoroalkyl;

Y 1s independently 1n each instance halogen, C,-C, alkyl;

7. 1s N(R"), or NO,;

R 1s independently in each mstance H or C,-C, alkyl;

R' 1s independently in each instance H, C,-C, alkyl, or
C,-C pertluoroalkyl;

a 1s an iteger of 1 to 3; and

b 1s an mteger of 0 to 4,

wherein the alkyl moieties are optionally substituted by
one or more halogen, or a pharmaceutically acceptable
salt or solvate thereof.

14. The method of claim 11, wherein a and b are each

independently an integer of 1 to 3.

15. The method of claim 11, wherein a and b are one.
16. The method of claim 11, wheremn X 1s fluoro, C,-C,

alkyl or C,-C; perfluoroalkyl and a 1s 1.

17. The method of claim 11, wherein Y 1s a C,-C, alkyl

and b 1s 1.

18. The method of claam 11, wherein R 1s H.
19. The method of claim 11, wherein 7 1s NO,.

G ex x = e
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